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PEEPACE. 



In preparing this abridgment of my Uannal of Geology, 
the arrangemeiit of the larger work has been retained. The 
science is not made a dry account of rocks and their foeeils, 
but a history of the earth's continente, seas, strata, moun- 
tains, climates, and living races ; and this history is illus- 
trated, as far as the case admits, by means of American facts, 
without, however, overlooking those of other contioeote, and 
especially of Great Britain and Europe. 

No glossary of scientific terms has been inserted, because 
the volume is throughout aglossa^f-er-a-hook of explana- 
tions of such terms, and itis only pBC^SSatfjr to refer to the 
Index to find where the explarOH^ix^w fSfB giren. 

The teacher of Geology,. Aod/j;hO{H!tudeHt who would 
extend his inquiries beyotid his stfl^or recitation-room, is 
referred to the " Manual" for fhller explanations of all points 
that come under discussion in the " Textbook, — including a 
more complete survey of the rock-formations of America 
and other parts of the world, with many sections and details 
of local geology, — a much more copious exhibition of the 
ancient life of the several epochs and periods and of the 
principles deduced from the snccession of living species on 
the globe, — a more thorough elucidation of the departments 
of Physiographic and Dynamical Geology, — a chapter on 
the Mosaic Cosmogony, — and a large number of additional 
wood-cut illustrations, besides a general chart of the world. 

Nbw Hath, Ci., Dncmbn 1, 1363. 
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nrrRODCcrnoN. 



1. Bofik-ftnotiire of the earth'! onut — Beneath the soil 
and waters of the earth's anrface there ie eveiVwhere a hase- 
ment of rocks. The rockj bluffs formiDg the mdes otxaaaj 
valleys, the ledges about the tops of hills and monntains, and 
the cliffs along sea-ehoreB, are portions of this basement 
exposed to view. 

The rocks generally lie in beds; and these beds vary fVom 
a few feet to bandredB of yards in thickness. The different 
kinds are spread out one over another, in many alternations. 
Sometimes they are in horizontal layers; but very often 
they are inclined, as if they had been pushed or thrown out 
of their original position; and in some regions they are 
crystallized. Moreover, they are not all found in any one 
conntry. 

By careihl study of the rocks of different continenhB, it 
has been ascertained that the series of beds, if all were in 
one pile, would have a thickness of 15 or 18 miles. The 
actual thickness in most regions is far less than this. 

These 15 or 18 miles out of the 4000 miles between the 
earth's surface and centre are all of the great sphere that 
are within reach of observation. 

The seriee of rocks alluded to overlie, beyond all question, 
crystalline rocks that are not part of the series. There is 
good reason for believing, also, that, not many scores of 
miles below the surface, the whole interior of the globe is 
in a melted state. These fiery depths are nowhere open to 
examination ; yet the rocks ejected in a melted state from 
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volcanoes or from the earth's fisfiurea are supposed to afford 
indications of what they contain. 

2. Paots taught by tiiearraiigeiDeiit and itmotiire of the Todu. 
— The various rocks afford proof that they were all slowly or 
gradually made, — the lowest in the series, of eonree, first, 
and BO on upward to the last. The lowest, therefore, belong 
to an early period of the world, and those above to later 
periods, in succession. 

Some of the beds indicate, by evidence that cannot be 
doubted, that they were made over the bottom of a shallow 
ocean, like the muddy and sandy deposits on soundings ; 
or along the ocean's borders, like the accumulations of a 
beach, or of a salt-marsh ; others, that they were formed by 
the action of the waters of lakes, or of rivers ; and others 
still, that they were gathered together by the drifting of the 
winds, as sands are drifted and heaped up near various sea- 
coasts. In many of the rocks there are marks on the layers 
that were made by the rippling waves or the currents when 
the material of the bed was loose sand or clay ; or there are 
cracks — though now filled — that were opened by the drying 
sun in an exposed mud-fiat; or impressions produced by the 
drops of a fall of rain. 

In some regions the beds, after being consolidated, have 
been profoundly fractured, and the fissures thus opened were 
often filled at once with rock, in a melted state, proceeding 
fi^m the depths below. Again, they have been uplifted or 
pressed into great folds, and mountain-ranges have some- 
times been made as a consequence of the upturning ; and, in 
addition, they have often undergone crystallization over a 
country thousands or even hundreds of thousands of square 
miles in area. 

The succession of rocks in the earth's crust is, hence, like 
a series of historical volumes, and full of inscriptions. It is 
the endeavor of Geology to examine and interpret these 
inscriptions. They are i^ufiicient, if faithfully studied and 
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compared, to make known the general condition of tlie con- 
tiDODta and eeae in the couree of the world's progresB, and 
also to tell of the epochs of disturbance or revolution, and 
of mountain-making. 

3. Facta t&aght by the fliwil contents of rocki.— Again, 
moat of the beds contain shells, corals, and other related 
forms, called fossils, — so named becaose dug out of the earth, 
the word being from the Latin fossilis, meaning, that which 
is dug up. These fossils are the remains of living animals 
that once inhabited the earth. The shells and corals were 
formed by animals, just as the shell of a clam is now formed 
by the animal occupying it, or corals of existing seas by the 
coral animals. The various species that have lefl their re- 
mains in any bed must have been in existence when that 
bed was in progress of formation : they were the living 
species of the waters and land at the time. 

The fossils that occur in one bed differ in species entirely, 
or nearly so, fi-om those of every other bed in the series. 
In other words, each bed has its own peculiar species, those 
of the bottom almost or wholly unlike those in the one next 
above; and those of this bed as much unlike those of the 
following; and so on. Since, therefore, each bed contains 
evidence as to what animals and plants were living when it 
was forming, the study of the fossils of the successive beds 
is the study of the succession of living species that Lave 
existed in the earth's history. 

4. Objects of Geohigy, and Bsbdivisiona of tbe science. — 
The preceding explanations afford an idea of the objects of 
the science of Geology. They are — 

(1.) To study out the system in the earth's features. 

(2.) To ascertain the nature and arrangement of the rocks. 

(3.) To make out the true history, or succession of events, 
as to the formation of rocks, the production of the features 
of the enrface and the disturbances of rocks, and the progress 
and all changes in tbe living species of tbe globe. 
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(4.) To detennine the CBnees of all thftt haB happened in 
the earth's history, that it may be understood how rocks 
were made, fractured, uplifted, folded, and crystallized ; how 
monntains were made, and valleya, and rivers; bow con- 
tinents and oceanic basins were made, and bow altered in 
size or outline from period to period ; why the climate of 
the globe changed from time to time ; and bow the living 
species of the globe were exterminated, or otherwise affected 
by the physical changes in progress. 

There are, hence, /uur principal branches of the science: — 

1. Physioqbaphic Geolooi, — treating of the earth's phy- 
sical features; that is, of the system in the exterior features 
of the earth. (This department properly includes, also, the 
system of movements in the water and atmosphere, and the 
system in the earth's climates, and in the other physical 
agencies or conditions of the sphere.) 

2. LiTHOLOOiCAL Geologt, — treating of the rocks of the 
globe, their kinds, structure, and conditions or modes of 
occurrence. The word lithological is from the Greek Uthos, 
stone, and logos, discourse. 

3. HisTOEicAL Geoloot, — treating of the succession in 
the rocks of the globe, and their teachings with regard to 
the successive conditions of the earth, or to the changes in 
its oceans, continents, climates, and life. 

4. Dynamical Geoloqt, — treating of the causes, or the 
methods, by which the rocks were made, and by which all 
the earth's changes were brought about. The word dy- 
namical is from the Greek dunamis, power or force. 

These causes have acted through the sustaining power 
and guidance of the great Cause of causes, the Infinite 
Creator, who made matter and all the kinds of life, and 
who has ever directed and still directs in every passing 
event. 
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PART L 
PHYSIOGRAPHIO GEOLOGY. 



Under the department of Physiographio Geology only a 
brief and partial review is here made of the general featnrea 
of the earth's anrface. 

THE EARTH'S FEATURES. 

I. General Csabactebisticb. 

1. Size and form. — The earth has a circumference of about 
25,000 miles. Its form is that of a sphere flattened at the 
poles, the equatorial diameter (7926 miles) being about 131 
miles greater than the polar. 

2. Oceanic basin and continental plateaus. — Nearly three- 
fourths (more accurately, eight-elevenths) of the whole surface 
are depressed below the rest and occupied by salt water. 
This sunken part of the crust is called the oceanic basin, and 
the large areas of land between, the continents, or continental 
plateaus. 

3. Subdivisions and relative positions of the oceanic basin and 
continental plateaus. — Nearly three-fourths of the area of the 
continental plateaus are situated in the northern hemisphere, 
and more than three-fourths of the oceanic basin in the 
southern hemisphere. The dry land may be said to be 
clustered about the North pole, and to stretch southward 
in two masses, an Orientai, including Europe, Asia, Africa, 
and Australasia, and an Occidental, including North and 
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Sotith America. The ocean is gathered in a similar manner 
about the South pole, and extends northward in ttoo broad 
areas separating the Occident and Orient, namely, the 
Atlantic and f acific Oceana, and also in a third, the Indian 
Ocean, separating the southern prolongations of the Orient, 
namely, Africa and Australasia. 

The Orient is made, by this means, to have two southern 
prolongations, while the Occident, or America, has but one. 
This double feature of the Orient accords with its great 
breadth; for it averages 60O0 miles from east to west, which 
ief&r more than twice the breadth of the Occident (2200 miles). 

The inequality of the two continental masaes has its 
parallel in the inequality of the Pacific and Atlantic Oceans; 
for the former (6000 miles broad) is more than doable the 
average breadth of the latter (2800 miles). Thus there is one 
broad and one narrow continental mass, and one broad and one 
narrow oceanic area. 

The connection of Asia with Australia, through the inter- 
vening islands, is very similar to that of North America with 
South America. The southern continent, in each case, lies 
almost wholly to the east of the meridians of the northern ; 
and the islands between are nearly in corresponding posi- 
tions, — Florida in the Occident corresponding to Malacca 
in the Orient, Cuba to Sumatra, Porto Rico to Java, and 
the more eastern Antilles to Celebes and other adjoining 
islands. It is, therefore, plain that Australia bears the same 
relation to Asia that South America does to North America. 
It is also true that Africa is essentially in a similai- position 
with reference to Europe. 

The northern portion of the Orient, or Europe and Asia 
combined, makes one continental area ; and its general course 
is east and west. The northern portion of the Occident, or 
North America, is elongated fVom north to south. 

4. Oceanic depression and continental elevations. — The depth 
of the oceanic basins below the water-level is probably in 
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some parte 50,000 fe«t. The mean depth is much lees. The 
depth across from Newfoundland to Ireland, along what ia 
called the telegraphic plateau, is iVom 10,000 to 15,000 fbet. 
Farther south, the Atlantic Ocean is undoubtedly very 
much deeper; but the soundings hitherto made are not 
truetworthy ae to the exact depth. The mean depth of the 
north Pacific between Japan and San Francisco has been 
determined by Professor Bache, &om the passage of earth- 
quake-waves in 1856, to be 13,000 feet. This is the narrower 
part of the Pacific Ocean, and is probably much less deep 
than that in the southern hemisphere. 

The highest point of the continents that has been mea- 
sured is 29,000 feet : it ie the peak called Monnt Everest, in 
the Himalayas. But the mean height of the continental 
plateaus is only about 1000 feet. The mean height of the 
several continents has been estimated as follows: Of 
Europe, 670 feet ; Asia, 1150 feet ; North America, 748 feet ; 
South America, 1182 feet; all America, 932 feet; Europe 
and Asia, 1000 feet; Africa, probably 1600 feet; and Aus- 
tralia, perhaps 500. The material in the Pyrenees, if spread 
equally over Europe, would raiee the surface only 6 feet ; 
and that of the Alps, only 22 feet. Although some moun- 
tain-chains reach to a great elevation, their breadth above 
a height of 1000 feet is small compared with that of the 
continents below this height. 

5. True outline of the oceanic depression. — Along the oceanic 
borders the sea is often, for a long distance out, quite shal- 
low, because the continental lands continue on under water 
with a nearly level surface; then comee a rather sudden 
slope to the deep bed of the ocean. This is the case off the 
eastern coast of the United States, eonth of New England. 
Off New Jersey, the deep water begins along a lino about 
80 miles firom the shore; off Virginia, this line is 50 to 60 
miles at sea; and thus it gradually approaches the coast to 
the southward. The slope of the bottom for the 80 miles 



D,q,i,.cdbvGooyk" 



IC OEOLOGV. 

off JJew Jersey is only 1 foot in 700 feet. The trae bound- 
ary between the continental plateau and the oceanic deprea- 
aion is the commencement of the abrupt slope. The British 
Islands are situated on a Bubmergod portion of the European 
continent, and are essentially a part of that continent, the 
limit of the oceanic basin being far outside of Ireland, and 
extending south into the Bay of Biscay. New Guinea is in 
H similar way proved to be a part of Anstraiia. 

6. Surfaces of the continents. — The surface of a continent 
oompriseB (1) low lands, (2) high or elevated plateaus or table- 
lands, and (3) mountain-ridges. The moan tain-ridge a may 
rise either from the low lands or the plateaus. The plateaus 
aro great areas of the surface situated several hundred feet, 
or a thousand feet or more, above the sea, or above the 
general level of the low lands. They are often a part of 
the great mountain -chains. Sometimes plateaus include a 
region between mountain-ridges, and sometimes the mass 
of the mountains themselves out of which the ridges rise. 
For example, the regions of northern and southern New 
York are plateaus (the former averaging 1500 feet in height, 
the latter 2000 feet) situated within, or on the borders of, the 
Appalachian chain. The eastern part of New Mexico is a 
plateau about 4000 feet above the sea, called the Llano esta- 
cado, and Mexico is situated in another plateau, from which 
rise various ridges and peaks ; and both of these, besides 
others, are situated in the region of the Rocky Mountain 
chain, or the great western chain of North America. The 
Desert of Gobi, between the Altai and the Kuen-Luen range, 
is a desert plateau about 4000 feet high. Persia and Ar- 
menia constitute another plateau. These examples are suffi- 
cient to explain the use of the term. 

2. System in thk Earth's Features. 

■ "1. General form of the continents resulting from their relief s. — 
The continente are eonstrncted on a Common model, as 
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follows : they ham high borders and a low centre, and are, there- 
fore, basin-shaped. Thus, North America has the Appala- 
chians on the eastern border, th,e Eocfcyeli|jn on the west. 
and between these the low MissieBJppi basin. Fig. 1 illus- 




trates this form of the continent. In the section, b repre- 
sents the Rocky Mountain chain on the west, with its double 
line of ridges at summit ; a, the Washington chain (including 
the Sierra Nevada and Cascade range) near the Pacific 
coast ; c, the Mississippi basin ; d, the Appalachian chain on 
the east. 

South America, iii a similar manner, has the Andes on 
the west, the Brazilian Mountains on the cast, and other 
heights along the north, with the low region of the Amazon 
and La Plata making up the larger part of the groat inte- 
rior. Fig. 2 is a transverse section from west to east 



/, 



(W, E), showing the Andes at a and the Brazilian Moun- 
tains at 6. In these sections the height as compared with 
the breadth is necessarily much exaggerated. 

In tbe Orient, there are mountains on the Pacific side, 
others on the Atlantic; and, again, the Himalayas on the 
south face the Indian Ocean, and the Altai face the Arctic 
or Northern Seas. Between the Himalayas (or rather the 
Kuen-Luen Mountains, which are just north) and the Altai 
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lies the plateau of Gobi, wliicb is low comparod with tbo 
enclosing mountainB; and farther west there are the low 
iancts of the C'uyiati'hnd Aral, the Caspian lying evea below 
the level of the ocean. The Urals divide the 60O0 miles of 
breadth into two parts, and so give Europe some title to its 
desigoation as a separate continent. West of their meri- 
dian there are agiiiii extensive low lands over middle and 
southern European Russia. 

In Africa, there are mountains on the eastern border, and 
on the western border south of the coast of Guinea; there 
are also the Atlas Monntains along the Mediterranean, and 
the Kong Mountains along the Guinea coast; and the inte- 
rior is relatively low, although mostly 1000 to 2000 feet in 
elevation. 

In Austi-ali^t, also, there are hij^h landi< on the eastern 
and western borders, and the interior is low. 

All the continents are, therefore, constructed on the basin- 
model. 

2. Relation belween the heights of the borders and the extent 
of the adjoining ocean. — There is a second great truth with 
regard to the continental relief^; namely, tiiat the highest 
border faces the largest ocean. 

By largest ocean is meant not merely greatest in surface, 
but greatest in capacity, the depth being important in the 
consideration. The Pacific, both in depth and surface, greatly 
exceeds the Atlantic; so the South Pacific exceeds the 
North Pacific and the South Atlantic exceeds the North At- 
lantic. The Indian Ocean is also one of the large oceans; 
for it extends eighty degrees of latitude south of Asia before 
reaching any body of Antarctic land ; and this is equivalent 
to 5500 miles, nearly the mean breadth of the Pacific : more- 
over, as it is much more free from islands than the Pacific, 
it is probably the deeper of the two, and, consequently, yields 
in capacity to no other ocean on the globe. 

Each of the continents sustains the truth announced. 
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Korth America has its great mountains, the Rocky chain, 
on the side of the great ocean, the Pacific ; and its amall 
mountains, the Appalachian, on the side of the small ocean. 
So, South America has its highest border on the west; and 
the Andes as much exceed in elevation and abruptness the 
Eocky chain as the South Pacific exceeds in capacity the 
North Pacific. The Orient has high ranges of mountains 
on the east, or the Pacific side, andlower, as those of Norway 
and other parts of Europe, on the west; and the Himalayas, 
the highest of the globe, face the great Indian Ocean (besides 
being most elevated eastward towards the great Pacific), 
while the smaller Altai face the small Northci'n Ocean. In 
Africa the eastern mountains, or those on the Indian Ocean 
side, arc higher than those on the Atlantic. In Australia 
the highest border is on the Pacific side; for the South 
Pacific, taking into view its range in fW>nt of east Austra- 
lia, is greater than the Indian Ocean fronting west Aus- 
tralia. 

Hence the basin-shape, before illustrated, is that of a 
basin with one border much higher than the other, and the 
highest border the one that adjoins the largest ocean. 

These features have a vast influence in adapting the con- 
tinents for man. 

America stands with its highest border in the far west, 
and with all its great plains and great rivers inclined 
towards the Atlantic ; for through the Gulf of Mexico the 
whole interior, as well as the eastern border, has its natural 
outlet eastward. Had the high mountains of the continent 
been placed on its eastern side, they would have condensed 
the moisture of the winds before they had traversed the 
land, and sent it back, in hurrying and almost useless tor- - 
rents, to the ocean ; but, being on the western, all the slopes 
from the Atlantic to the tops of the Eocky Mountains lie 
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open to the moist windH, and fields and rivers show the 
good they thus receive. 

Again, the Orient, instead of rising into Himalayas on the 
Atlantic border, has its great heights in the remote east, 
and its vast plains and the larger part of its great rivers, 
even those of central Asia, have their natural outlet west- 
ward, or towards the same Atlantic Ocean. Thus, as Pro- 
fessor Guyot has said, the vast regions of the world which 
are best fitted by climate and productions for man arc com- 
bined into one great arena for the progress of civilization. 
Both the Orient and the Occident pour their streams and 
bear a large part of their commerce into a common ocean; 
and this ocean, the Atlantic, is but a narrow ferriage between 
them, and vastly bettor for the union of nations than Con- 
nection by as much dry land : 3000 miles of dry land would 
be, even in the present age, a serious obstacle to intercourse; 
while 8000 miles of ocean draw the east and west only into 
closer political, commercial, and social relations. 
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PART II. 

LITHOLO&ICAL GEOLOGY. 



The term rock, in geology, is applied to all iiatural forma- 
tioQS of rock-material, whether solid or otherwise, Not 
only are sandstones and slates called rocks, but also 
the loose earth, sand, and gravel of the surface, provided 
they have been laid out in beds by natural canses. All 
sandstones were once beds of loose Band; and there is every 
shade of gradation from the hardest sandstone to the softest 
Hand-bed: so that it is impossible to draw a line between 
the consolidated and unconsolidated. Geology' does not 
attempt to draw the line, but classes all together as rocks, 
regarding consolidation as an accident that might oi" might 
not happen in the case of the earth's beds or deposits. 

Bocks may be studied simply as i-ocks, — that is, with 
reference to their composition, — and collections may be made 
containing specimens of their various kinds. Again, they 
may be studied as rock-masses spread out over the earth 
and forming the earth's crust [ and, with this in view, the 
condition, structure, and arrangement of the great rock- 
masses (called sometimes terrains) would come up for con- 
sidenition. The two subjects under Ltthological Geology 
are, therefore: (1.) The constitution of rocks; (2.) The condi- 
tion, structure, and arrangement of rock-masses. 
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1. constitution of rocks. 

1. Genebal Observations on their Constituents. 

Bocks consist essentially of mineral material. The fol- 
lowing are the most common kinds. 

1. ftnartz, or Silica. — Quartz^ or, as it is called in chemistry, 
silica, far exeoeds all other species in abundance. It is one 
of the hardest of minerals ; it does not melt before the blow- 
pipe, and does not, dissolve in water. Its hardness and 
durability especially fitr it for this place of first import- 
ance in the mfttcrial of the earth's foundations. 

It often occurs in crystals of the forme represented in 
figs. 3, 4, though generally occurring in grains, pebbles, 
or masses. It is dintinguished ordina- pj g^ p- ^ 
rily by its glassy aspect, whitish or 
grayish color, and an absence of all 
tendency to break with a smooth sur- 
face of fracture (a quality of crystals 
naXldd cleavage). Although usually nearly 
colorless or white, it is very often red- 
dish, yellowish, brownish (especially smoky brown), and 
even black; and the lustre is sometimes very dull, as in 
chalcedony, flint, and jasper. The sands and pebbles of the 
sea-shores and gravel-bods are mostly quartz, — because 
quartz resists the wearing action of waters better than any 
other common mineral. For the same reason, moat sand- 
stones and conglomerates consist mainly of quartz. 

The hardness (on account of which it scratches glass 
easily), infusibility, insolubility, non-action of acids, and 
absence of cleavage, are the characters that servo to distin- 
guish quartz from the other ingredients of rocks. 

Although quartz is one of the original minerals of the 
earth's crust, the quartz of rocks is not all directly of mine- 
ral origin. Part of it — perhaps a largo part — has passed 
thi'ough living beings, cither plants or animals; foraome 
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of the lowest species of these kingdoms of life have tho 
power of makiug siliceous shells or forming siliceous par- 
ticles or spicules in their texture; and bods have been made 
of these microscopic siliceons ehells. The animal apeciett 
that secrete spicules of silica are the Sponges; and those 
making siliceous shells are the microscopic forms called 
Polycystines. The plants making siliceous shells aro the 
microscopic kinds called Diatoms. (See page 61.) 

2. Silicates. — Silica also occurs iu many of the other rock- 
making minerals, constituting what are called silicates. It 
exists, thus, in combination with the bases alumina, mag- 
nesia, lime, potash, soda, the oxyds of iron, and a few 
others. 

Pure alumina, tho most important of the above-mentioned 
bases in the silicates, is hard, inftieible, and ioeolublo, and 
therefore adapted to be next in abundance to silica. When 
crystallised, it is the hai-dest of all known substances, ex- 
cepting the diamond, it being the gem sapphire. A massive 
or rock-like variety, reduced to powder, is emery. 

Magnesia, well known under the form of calcined mag- 
nesia, is as hard as quartz when crystallized, and equally 
inihsible and insoluble. 

Lime is common quick-lime. Potash and soda are tho 
alkalies ordinarily so called. These three ingredients are 
found in those silicates that contain also either alumina or 
magnesia, or both. Tho same is true, for the most part, of 
tho oxyds of iron. The compounds they form have a degree 
of fusibility that does not belong to tho simple alumina- 
silicates, and which fits them for beiug the constituents of 
igneous or volcanic rocks. The following are tho most 
common of these silicates : — 

(1.) Feldspar. — Feldspar consists of silica and alumina 
along with lime, potash, or soda. Common feldspar, or ortho- 
clase, contains raa.m\y potash, along with the silica and alu- 
mina; albite contains, in place of tho potash, soda; and 
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labradorite, another kind of feldspar, contains mainly lime. 
The specific gravity is 2.4-2.7. 

Either of these kinds of feldspar is distinguished from 
quartz by having a distinct cleavage- structure, the grains 
or masaes breaking easily in two directions with a flat and 
shining surface. They are nearly as hai-d as quartz, often 
white, but sometimes flesh-red. The albite is usually white ; 
and the labradorite often brownish, with generally a beau- 
tiful play of colors. 

(2.) Mtca. — Mica consists o£silicii and alumina, along with 
potash, lime, magtiesia, or oxyd of iron. It cleaves easily 
into tough leaves, thinner than the thinnest paper and 
somewhat elastic. On account of its transparency, when 
colorless, it is often used in the doors of stoves. Its roost 
, common coIo.'h are whitish, brownish, and biack. 

The minerals quartz, feldspar, and mica are the con- 
Btitucnts of granite; and they may be distinguished in it 
as follows : the quartz by its more glassy lustre and want 
of cleavage ; the feldspar by its being moi-e opaque than 
quartz, and its having cleavage; the mica by its very easy 
cleavage into thin, elastic leaves. 

(3.) Hornblende and pyroxene. — Hornblende and pyroxene 
consist, alike, of silica along with magnesia, livie, and prot- 
oxyd of iron. Thoj- are both of dark-green, greenish-black, 
and black colors in most of the rocks formed of them, 
though sometimes gray and white. Both are cleavable. 
Hornblende often occurs in slender needle-shaped crystals. 
There are fibrous varieties of each, called asbestus. They are 
nearly as bard as feldspar, but much heavier than it (spe- 
cific gravity ^ 3-3.5), and in general much more fusible. 

(-1.) Garnet — Tourmaline — Andalusite. — These are other 
silicates, of very common occurrence in rocks. They are 
usually found in crystals distributed through a rock. Gar- 
net is commonly in dark red, brownish, or black crystals 
of 12 or 24 sides (dodecahedrons or trapezohedrons). The 
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first of these forms is represented in fig. 5, showing garoets 
dietribntod through a mica schist. Tourmaline is generally 



in oblong 8, 6, 9, or 12 sided crystnla, shining and black ; 
also at times blue-black, brown, greon, and red. The crys- 
tals are common in gneiss and mica schist, and are at times 
imbedded in quartz (fig. 6). Andalusite is found in imbedded 
crystals in argillaccons schist ; the form is nearly a square 
prism. The interior of the 
crj-stals is very frequently '*■ " 

black or grayish-black at the 
centre and angles (fig. 7), while 
the rest is nearly white; and 
this variety is called maele, or 
chiastoUte. 

(5 ) Talc and serpentine. — 
Tale and serpentine are com- 
pounds of silica with magnesia 

and water. They both have agreasy feel, — especially the talc. 
Talc is a vei-y soft mineral. It is often in foliated plates or 
masses like mica; bnt the folia, or leaves, though Beparating 
rather easily and flexible, are not elastic. The usual color 
is pale green. 

A massive granular talc, of whitish, grayish, or greenish 
color, is called soapstone, or steatite. Serpentine is harder 
than talc. It occurs as a dark-green massive rock, of a very 
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fine-grained texture : it is rarely foliated, and when bo, the 
leavea are not easily separated and are brittle. It may be 
carved vith a knife, and it differs in this, and also in its beiag 
lighter, from compact homblendic rocks. 

S. Carbon, Carbonio Aoid, Carbonate*. — (1.) Carbon. — Car- 
bon is familiarly known under three names and conditions : 
(1.) Diamond; (2.) Charcoal; (3.) Graphite. The last is the 
material of lead-pencils, and ie called also black lead, though 
containing no lead. The first is the hardest of all known 
snbstancea; the last, one of the softest. 

In Geology, carbon is most important in the state of 
mineral coal, which is carbon mixed with other ingredients, 
especially some of a bituminous kind. The variety con- 
taining bitumen or bituminous substances bums on this 
account with a bright flame, and is called bituminous coal. 
The harder kind, with little or no bitumen, burning with a 
very feeblo-bluieh or yellowish flame, is anthracite. 

(2.) Carbonic acid is a gas consisting of carbon and oxygen. 
It composes about 4 ports by volume of 10,000 parts of 
the atmoBphcre, is formed in all combustion of wood or coal, 
and is given out in the respiration of animals. Its principal 
geological importance depends upon its being one of the 
constituents of limestone. 

{3.) Carbonate of lime, or calcite, the essential ingredient 
of limestone and marble, consists of carbonic add and lime. 
It cryBtallizes in a great variety of forms, a few of which 
are represented in flgs. 8, 9. It cleaves easily in three direc- 
tions with bright surfaces ) as may be seen on examining even 
the grains of a fine white marble. It is rather soft, so as to 
be easily scratched with a knife ; dissolves in diluted acids 
(chlorohydric or snlphnric) with effervescence, that is, with 
an escape of the gas carbonic acid ; and when heated (as in a 
lime-kiln, or before the blowpipe) it bums to quick-lime with- 
out melting. By its effervescence with acids it differs from 
all the mineraln before mentioned. 



D,q,i,.cdbvGooyk" 



CONSTlTUBNTfl OP BOCKS. 





(4.) Dolomite is a carbonate of lime and magnesia; that is, 
it differs from caloite in containing magnesia in place of 
part of the lime. It makes up the mass of a variety of 
limestone called magnesian limestone, which closely resem- 
bles oommon limestone, but may be distingaished by its 
effervescing scarcely at alt with acid unless heat be applied. 
The trial may be made by dropping a particle, as large as 
half a grain of wheat, into a testr-glass one-qoarter filled 
with a mixture, half and half, of muriatic acid and water. 

The larger part of the carbonate of lime of rocks has been 
derived directly from shells, corals, and other animal re- 
mains. Animals take the material of their shells and other 
stony structures from the waters of the globe, or from the 
food they eat, through their power of secretion, — that is, 
the same power by which man forms his bones. After 
death, the ahells, corals, or bones, which are of no further 
use to the species, are turned over to the mineral kingdom 
to be made into rocks. The immense extent and thickness 
of the earth's limestone rocks, nearly all of which are proba- 
bly of organic origin, give some idea of the amonnt of life 
that has lived and died through past time. 

GarbonaU of lime and silica are the two stony ingre- 
dients which have been contributed largely by living 
species to the earth's rock-formations. Mineral coal is an- 
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other material abundantly contributed by the kingdoms of 
life, the great beds of the coal period being all made from 
the leaves and other parts of plants. 

Sand— Clay.— Sand and clay are not minerals : they are 
mixtures of minute partielee of different minerals, produced 
by the wearing down of different rocks. A large part of 
common clay is pulverized feldspar mixed with some quartz. 
Other kinds, having a greasy feel in the fingers, consist of 
a material derived from tLo decomposition of feldspar and 
allied minerals, and are composed of alumina, silica, and 
water, mixed more or less with quartz and other impurities. 

2. Kinds of Soos.s. 

1. FragmentalandCryitallinerooks.— The minerals of which 
a rock consists may be either (1) in broken or worn grains 
or pebbles, like those of sand or clay or a bed of pebbles ; or 
(2) they may be in crystalline grains, in which case they 
wore formed where they now are at the time of the crys- 
tallization of the rock. Such crystalline grains are angular, 
and almost always show surfaces of cleavage. 

The rocks of the first kind, consisting of a mingling of 
&agmentB of other rocks, are called fragmental rocks; and 
those of the latter kind, crysiaffine rocks. The sands of a sea- 
shore or the mud of a sea-bottom may make a fragmental 
rock no less than coarser deposits. 

Fragmental rocks are often called, also, sedimentary rocks, 
because formed in general from sediment, or the earth depo- 
sited by waters, either those of the ocean, lakes, or rivers. 

Intermediate between rocks that are obviously either /rat?- 
mental or crystalline, there are others, of a flinty compactness, 
which show ho distinct grains, and are, therefore, not easily 
referred to either division. In the ease of such rocks, the 
geologist, in order to determine the division to which they 
belong, has to examine the rocks associated with them. If 
these associated rocks are fragmental, then the compact beds 
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are probably so aleo; but if tteae are crystalline, then they 
are probably related to the c^atalline. Experience among 
rocfcn is required to decide correctly in all such cases. 

2. XetamorpMo and IgneouB rooks. — The crystalline rocks 
are either metamorphic, or igneous. 

1. Metamorphic rocks are those which have been altered 
or metamorphosed by means of heat. The alteration, when 
most complete, consists in a complete crystallization of the 
rock ; and when less so, in a consolidation or baking of it, 
with sometimes no distinct crystallization. 

Earthy sandstones and clay-rocks have been thus meta- 
morphosed into granite, gneiss, and mica schist, and ordinary 
limestone into statuary marble. 

2. Igneous rocks are those which have been ejected in a 
melted state, as &om volcanic vents, or from fissures opened 
to some seat of fires below or within the earth's crust. 

3. Caloareous rocks. — Calcareous rocks are the limestones. 
To a great extent they have been formed from pulverized 
animal relics, such as shells and corals;, and in this case they 
are properly fragmental or sedimentary beds, although so 
finely compact that this might not be suspected from their 
texture. 

Some limestones have been made f^m the accumulation. 
and consolidation of very minute shells, called Rhizopods. 
These shells being no larger than the finest grains of sand, 
no powdering was necessary. The limestone rocks formed 
of them are riot fragmental in origin. 

Other calcareous rocks have been deposited from waters 
holding the material in solution, and are, therefore, of chemi- 
c<d. origin. Of this kind is the travertine of Tivoli near 
Bome in Italy, and similar beds in many regions of mineral 
springs, besides the petrified moss and trees of some marshy 
regions. 

1. HasslTe, schistose, laminated, slaty, shafy rooks. — Bocka 
are termed massive, when there is no tendency to break into 
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Blabs or plates ; schistose, when erystallino and having a tond- 
encyto break into slabs or pi&tes, arising irom the arrange- 
ment more or leas perfectly in layers of the mineral ingre- 
dients (especially mica or hornblende); laminated, when 
breaking into slabs or flagging-stonee, and not in conse- 
quence of a erystaUine structure ; slaty, when dividing easily 
into thin, even, hard slates, like roofing-slate; sfialy, when 
dividing easily into thin plates like a slate-rock, but the 
plates irregular and fragile. 

The term schist is applied to a schistose rock; flag, to 
a laminated rock; slate, to a slaty rock; shaie, to ashaly 
rock. 

The ftiniso/rocAs may be described under the four heads: — 
(1) Fragmental rocks, not calcareous ; (2) MetamorpAic rocks, 
not calcareous; (3) Calcareous rocks; (4) Igneous rocks. 

L Fragmontal Eocka. 

1. Sandstone. — Composed of sand, coarse or fine. "When 
of pure quartz sand, the rock is a siliceous sandstone; and if 
very hard and a little pebbly, a grit. When earthy or 
clayey, it is an argillaceous sandstone, the term argillaceous 
meaning clayey. Argillaceous sandstones are usually lami- 
nated, and, when very hard, may make good ftagging-stone. 

2. Conglomerate. — Containing rounded or angular pebbles. 
If rounded pebbles, the rock is often called a pudding-stone; 
and if angular fragments, a breccia; if the pebbles are of 
quartz, a siliceous conglomerate; if of limestone, a calcareous 
conglomerate. 

3. Shale. — Composed of clay or clayey earth, and having 
a shaly structure. The colors are of all dull shades from 
gray to black. When the shaly structure is very imperfect 
and the rock is quite fragile, it is a marlite. [It is often 
called, though not correctly, a marl: a true marl is a clay 
containing carbonate of lime derived generally from pow- 
dered or broken shells.] 



D,q,i,.cdbvGooyk" 



KINDS OF noCKS. 23 

4. Tufa. — ^A kind of volcanic eandatonc, compoeed of vol- 
canic Hand or pulverized volcanic rocks: color, usually 
brownish, browuish-yellow, grayish, and reddish. 

8. Metamotphio Books. 

1. Granite. — A crystalline rock, consisting of quartz, feld- 
spar, and mica. Color, usually light or dark gray or desh- 
red, the latter shade derived from a flesh-colored feldspar. 

2. Gneiss. — Closely like granite in composition, but eoiae- 
what schistose, and, consequently, having a banded appear- 
ance on a sur&ce of fracture transverse to the structure, 
arising ftom the arrangement of the mica. If the color of 
the gneiss is dark gray, it is banded usually with black 
lines. Along the micaceous planes it breaks rather easily 
into slabs, which are sometimes need for flagging. 

3. Mica Schist. — Belated to gneiss, but consisting mainly 
of mica, with more or less of feldspar and quartz, and, in 
consequence of the mica, breaking into thin slabs. The 
slabs have s glistening surface. In regions of mica schist 
the dust of the roads is often full ofshining particles of mica. 

4. Syenite — HornUendic Gneiss — Honiblendic Schist. — Syen- 
ite resembles granite, but contains hornUende in place of 
mica : the hornblende may be distinguished from mica by 
its less perfect cleavage, and by the brittleness of the 
laminffi afl'orded with some difficulty by the cleavage. A 
rock like gneiss, but containing hornblende in place of mica, 
is called hornblendic gneiss. A black or greenish-black 
schistose rock consisting almost wholly of hornblende is 
called hornblendic schist. 

5. Talcose Schist. — A slaty rock containing some talc, and 
having, therefore, a greasy feel. Color usually grayish- 
green, greenish, or brownish. 

6. Chlorite Schist. — A slaty rock containing an olive- 
green mineral called chlorite, which is related to talc in 
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being magncsian, but eontaina oxyd of iron, and is hardly 
greasy in feel. Color, dark green, and often olive green. 

7. Slate, ArgilUte, Argillaceous Schist. — These are different 
names of roofing-slate and the allied slaty rocks. The tex- 
ture ia hardly at all crystalline, but the slates in the most 
perfect kinds are hard, smooth io surface, and not absorbent 
of water. Color blue-black, purplish, greenish, and of 
other shades. 

There is a gradual passage of the above rocks from gra- 
nite into gneiss; from gneiss into mica schist; and from 
miea schist and talcoae schist into argillaceous schist. 

8. Quartz Bock — Quartzite. — There is also a gradual pass- 
age, through the more or lees complete absence of the feld- 
spar, into a micaceous quartz rock having a schistose struc- 
ture; and, by a more or less complete absence of the mica 
into a pure massive quartz rock, called also quartzite. 
Quartzite is only a very firmly consolidated sandstone made 
of quartz sand. The consolidation has been produced by 
the aid of heat, jnat as crystallization into gneiss has been 
produced. For the former the sandstones were purely sili- 
ceous, or nearly so, and for the latter, earthy sandstones. 

0. Itacolumite. — A peculiar laminated quartz rock occurs 
in many gold-regions, which bends without breaking, 
when in large thin plates. It contains scales of mica or 
talc, and owes to this its laminated structure, toughness, 
and flexibility. 

3. CalcareonB Books. 

a. Uncrystalline. 

1. Common Limestone. — A compact rock, of grayish and 
other dull shades of color to black, breaking with little or 
no lustre, and with either a slightly rough or a smooth sur- 
face of fracture. Consists essentially of carbonate of lime, 
though often very impure from the presence of clay or earth. 
When containing fossils, it is called fossiliferous limestone. 
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When consiBting of carbonate of lime and magnesia, it is a 
magnesian or dolomitic limestone, or dolomite, a kind not difl- 
tingniehable by tiie eye from ordinary limeBtone. For the 
distinctive characters, see page 17. 

Many varieties of commoa limestone are polished and 
naed as marbles. The black marbles, and some of the yellow 
and gray, are of this kind. Frequently they contain fossils. 

2. Oolite.— A. limestone consisting of concretions as small 
as the roe offish, — whence the name, from the Greek oon, egg. 
Oolites or oolitic limestones occur in all the geological 
formations, and are forming in modern seas about some 
coral reefs. 

3. Travertine. — See page 21. — Stahctites are limestone con- 
cretions, of the form of icicles, hanging from the roofe of 
caverns; and ^alagmite is the sam& material covering their 
floors. The waters trickling through limestone rocks hold 
some carbonate of lime in solutioo (in the state of bicar- 
bonate) ; and its deposition, as the dropping water evapor- 
ates, produces these concretions and incrustations. 

b. Crystalline. 
Granular Limestone — Statuary Marble. — Limestone having 
a crystalline granular texture, and, consequently, glistening 
On a surface of fracture. The pure white kind, looking 
when broken much like loaf-sugar, is, when of firm textnre, 
the marble used for statnaryj and both this and coarser 
varieties are employed for marble buildings. Most of the 
clouded marbles are here included. 

4. I^eouB Bocks. 

1. Qranite4ike Bocks. — Granite is usually regarded as a 
true igneous rock. But igneous rocks contain ordinarily 
little or no silica in the condition of quartz. There are 
several kinds of whitish and grayish crystalline igneous 
rocks consisting of feldspar and hornblende, or feldspar and 
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pyroxene, or feldspar alone, each contaioiag little or no 
quartz. Mica is sometimes present in rocks of this kind. 

2. Diorite. — Gouaiets of a feldspar (albite) and hornblende; 
and, thongh it may be light-colored from the abundance of 
the feldspar, it is usually dark green and greenish-black, 
from the preponderance of the hornblende. 

3. i>oi«ri(e.— Consists of a feldspar (labradorite) and 
pyroxene, and has greenish-black, brownish-black, and 
black colors. It is also often called trap. It may be either 
crystalline granular, or of a flinty compactness. It fre- 
quently contains also grains of magnetic iron ore. 

4. Basalt. — ^Like dolerite, but containing grains of a green 
siliceous mineral, of a bottle-glass green color, called chryso- 
lite or olivine. 

5. Trap. — Basalt, dolerite, and the diorites, especially the 
dark -colored kinds, are often called trap, or trappean rocks. 

6. Porphyry. — Consists of feldspar (orthoclase) in a com- 
pact condition, and contains crystals of feldspar of a paler 
color and often whitish ; so that a polished surface is covered 
with angular spots. Common colors, green and red. 

Granite, dolerite, basalt, and other rocks are said to be 
porphyritie when the feldspar is in distinct crystals. 

A large partpf the so-called porphyry is of metamorpMo 
origin, and not a true igneous rock. It sometimes consists 
in part of hornblende or quarts. 

7. Trachyte. — Consists of feldspar, and has a rough surface 
of fracture. Usually contains small air-cells, and also dis- 
seminated crystals of a glassy feldspar. 

8. Lava. — Any rock that has flowed in streams from a 
volcano, especially if it contains cavities, or, in other words, is 
more or less scoriaceous. It is usually a dolerite, basalt, or 
trachyte in composition. 

9. Scoria is a light lava, full of cavities, like a sponge; and 
pumice, a white or grayish feldspathio scoria, having the air- 
cells long and slender, so that it looks as if it were librous. 
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The rocks which have been described are the common 
material of which the great rock-maasea of the globe consist. 
These rock-masses occur under three conditions : — (1) the 
stratified; (2) the unstratifted ; (3) the vein-form. 

1. The Stratified conditian' — Stratified rocks are those 
which lie iu beds or strata. The word stratum (the singular 
of strata) is from the Latin, and signifies that which is 
spread out. The earth's rocky strata are spread out in beds 
of vast extent, many of them covering thousands of square 
miles. The stratified rocks exposed to view over the earth's 
surface far exceed in area the unstratified. 

They arc the rocks of nearly the whole of the United 
States and of nearly all of North America, and not less of 
Ibe other continents. Thronghout central and western New 
York and the States south and west, the rocks, wherever ex- 
posed, are seen to be made up of a series of beds. And if the 
beds are less distinct over a large part of New England, it 
is, in general, only because they have been obscured by the 
upturning and crystallization which the rocks have under- 
gone since they were formed. 

Fig. 10. 



The preceding figure represents a section of the rocks 
along the river below Niagara Falls. It gives some idea of 
the alternations which occur in the strata. In a total height 
of 250 feet (165 feet at the Falls, at F, on the right) there 
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are on the left 6 different strata in view and parts of 2 
others, the upper and lower, making 8 in all. 1 is gray 
argillaceous sandstone; 2, gray and red argillaceoas sand- 
stone and ehale; 3, flagstone, or hard laminated sandstone; 
4, reddish shale or marlite and shaly sandstone ; 6, shale ; 6, 
limestone; 7, shale; S, limestone. Only two of these strata, 
7 and 8, are in sight at the falls (at F). The alternations 
are thns numerous and various in all regions of stratified 
rocks. 

It must not be inferred that the earth is covered by a 
regular series of coats, the same in all countries ; for this ia 
far from the truth. Many strata occur in New York that 
are not found in Ohio and the States west; and each stratum 
varies greatly in different regions, sometimes being lime- 
stone in one and sandstone in another. 

A stratum is a bed of rock including all of any one kind 
that lie together, as either Nos. 1, 2, 3, 4, 5, 6, 7, or 8 in the 
preceding figure. 

A formation includes the several strata that were formed in 
one age or period. A subdivision of a formation, including 
two or more related strata, is often called a group. 

A layer is one of the subdivisions of a stratum. A stratum 
may consist of an indefinite number of layers. 

2. ITnstratifled condition. — Unstratified rocks are those 
which do not lie in beds or strata. Mountain-masses of 
granite are often without any appearance of stratification. 
The rock of the Palisades, on the Hudson, stands up with a 
bold columnar front, and has no division into layers. There 
are similar rocks about Lake Superior. Most lavas of vol- 
canoes have flowed out in successive streams; and, conse- 
quently, volcanic mountains are generally stratified. But in 
some volcanic regions the rocks rise into lofty summits 
without stratification. Although true granite bears no 
marks of proper stratification, it very often passes insensibly 
into gneiss, which is a stratified rock; and there is evi- 
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denee in this fact that granite is, gonerally, a stratified rock 
wiiieh has lost the appearance of stratification in consequence 
of the crystallization it has undergone. 

3. Vein-form oonditioiL — When rocks have been fractured, 
and the fissnres thus made have been filled with rock-malo- 
rial of any kind, or with metallic ores, the fillings are called 
veins. Veins are therefore large or small, — deep or shallow, 
— single or like a complete network, — according to the cha- 
racter of the fractures in which they were formed. They 



Fig. II. 




may be aa thin as paper, or they may bo many yards, or 
even rods, in width. Figures 11 to 14 represent some of 
them. In fig. 11 there are two veins, a and b; in fig. 12, 



a network of thin veins ; in fig. 13, two of irregular form, — a 
kind not uncommon ; in fig. 14, two large veins, of still more 
irregular character, crossing one another. 
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Many veins have a banded etrneture, like fig. 15. 
this vein, the laj-ers 1, 3j 6, consisted of quartz; 2, 4 
gnciasoid granite; 5, of gneiss. Most 
metallic veins are of this kind: the oi-cs 
lie in one or more bands alternating 
with other stony bands consisting of 
different minerals or rock-material, as 
calcite, quartz, fluor-spar, etc. 

Those veins that have been filled with 
melted rocks are usually called dikes: 
thoy are not banded, and have regular 
walls; and the rocks are igneous rocks. 
They are often transversely columnar in 
structure. Fig. 16 represents a dike, 
and shoivB this transverse columnar structure. 

4. Belatioii of stratifled and tnie nnBtratified rooks and veitui 
in the earth's omat. — The relations of the stratified and 
unstratifled roeks in the earth's ernst will bo 
understood after considering the origin of the 
cm St. 

The crust is believed to be the cooled exterior 
of a melted globe. After the firet crusting over 
of the surface of the sphere, the ocean com- 
menced to make stratified rocks over the exte- 
rior, while the continued cooling, going on very 
slowly, made unstrntified rocks below. The ocean thus 
worked over and covered up with strata nearly all, if not 
all, the original unstratified crystalline rocks. Hence, 
true unstratified rocks — that is, those which were unstra- 
tified in their first formation — are of very small extent 
over the globe. Even ordinary granite, as mentioned on 
page 29, is not generally of this kind. Veins are a result of 
fractures of the crust; and they too are of very limited 
distribution. 

Geology, consequently, has for its study, almost solely 



Fig. 16. 



D,q,i,.cdbvGooyk" 



8TEUCTUKE OF ROCKS. 31 

Btratlfied rocks. Nearly all the facts in geological history 
are derived from rocks of this kind. It is, therefore, import- 
ant that the various details with regard to their structure 
and arrangement should be well understood by the stadent. 

Stratified Condition. 
L Structnn. 
1. Massive, laminated, and shaly structures. — The massive, 
laminated, and shaly structures of layers have been ex- 
plained on p 21 The massive is represented in fig. 17 a; 
Pig, 1?. 




the laminated, in fig. 17 b; and the shaly, in fig. 17 c. Sand- 
stone is more or less laminated, according to the proportion 
of clay or earthy material it contains. The same is true of 
limestone. 

2, Beach-Structure. — The beach-structure is illustrated in 
fig. 17 d. The layer, instead of being composed of evenly- 
laid material, consists of many irregular small layers, — beds 
of sand and others of pebbles, of small extent, being variously 
mingled. This kind of layer is formed along sea-beaches, 
being well shown wherever a aea-beach is cut through, so 
that the interior is open to view. 

3. Ebb-and-ffoie strvrtMrc. — The ebb-and-flow structure i« 
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illustrated in fig. 17 e. A layer presenting it consists of 
irregular subordinate layers, like those of beach origin; but 
these subordinate layers are of wider extent, and part of 
them are obliquely laminated (see figure,) while other alter- 
nate layers are laminated horizontally. Such a structure is 
formed where currents intermit at intervals or are reversed, 
as in the ebb and flow of the tides where they are connected 
with heavy tidal waves. 

4. Wind-drift structure. — A layer characterized by the 
wind-drill structure consists of layers dipping in various 
directions, sometimes curving and sometimes straight. (Fig. 
17 /.) The hills of sand formed by the winds on a sea-coast 
usually have this Btrncture. The sands drifted over the 
rising heaps form layers conforming to the outer surface, 
and BO may slope at all angles. Id storms they may be 
blown away in part, and afterwards be completed again ; 
but then the layers, conforming to a new outer surface, 
would have a different direction. In this way, by successive 



Fig. 18. 



Pig. 19. 




doBtmctions and re-completions, a bed of sand may be made 
which shall consist of parts sloping in one direction and 
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other parts in directions very different, with numerous 
ahrupt tracsitione, as illustrated in the drawing, 

5. Ripple-marks. — A gentle flow of water or its vibration, 
over mud or eand, ripples the surface. SoJidstone and clayey 
rocks are often covered with such ripple-marks. (Fig. 18.) 

6. Bill-marks. — When the waters of a spreading or return- 
ing wave on a beach pass by shells or stones lodged in the 
sand, the rills furrow out little channels. Fig. 19 shows 
such rill-marks alongside of shells in a Silurian sandstone. 

7. Mud-cracks. — When a mud-flat is exposed to the air or 
sun to dry, it becomes cracked to a few inches or so in 
depth. Fig. 20 represents mud-cracks in an argillaceous 
sandstone. The cracks were subsequently filled with stony 
material, which was harder even than the rock itself; so 
that the filling stands prominent above the general surface, 
and is actually a network of veins. 

Flf. 20. Fig- 2'- 



8. Rain-prints. — The impressions of rain-drops on sand or 
a half-dry mud have often been preserved in the rocks, 
appearing as in fig. 21. 

9. Concretionary structure. — Layers often contain spheres 
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or disks of rock, which are called concretions. They result 

from a tendency in matter to concrete or Bulidify around 

centroa. Some are no larger than grains of 

sand or the roe of fish, as in oolitic limestone 

(p. 2b). Others are as large as peas or ballets, 

and others a foot or more in diameter. Fig. 

22 is one of a spherical form. Fig. 2S repre- | 

sents a rock made up of rounded concretions. 

It shows also that they have sometimes 

(though not always) a concentric structure. In fig. 24 the 

concretions are flattened. 




Tie. 2' 



Fig. ii. 



Concretions are usually globular in sandstones, lenticular 
in laminated sandstones, and flattened disks in argillaceous 
rocks or shales. All these kinds are shown in fig. 25. The 
balls are sometimes hollow, and the disks mere rings. Fre- 
quently the concretions have a shell or other organic object 




at centre (fig. 26). They are often cracked through the 
interior (fig. 27), the outside in such a case having solidified 
while the inside was still moist, and the latter afterwards 
cracking as it dried : in such a case the cracks may become 
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filled with other minerale, bo that the concretion, on being 
Bawn in two and polished, may have great beauty. When 
hollow, they may be afterwards incmsted within by crys- 
tals (fig. 28) as of quartz, or by layers as of agate, and thus 
make what is called a geode; or tbey may become wholly 
filled. Sometimes they contain a loose ball within, — a con- 
cretion within a concretion. 

Basaltic columns (fig. 29), as they are often called, are col- 
umns of igneous rock made by 
thecontractionofthemaaswhen "^ 

cooling from fusion. The size 
of the columns depends on a 
concretionary structure forming 
at the time within. The tops 
of the columns are often con- 
cave, or they become so as the 
rock decomposes. 

10. Jointed structure. — T!n' 
rocks of a region are often divided very regulai'ly by nume- 
rous straight planes of fracture, all parallel to one another, and 
cutting through to great depths. Such planes of fVaeture may 
ch&raoterize the rocks for hundreds of miles. They are 



called j'otnte; and a rock thus divided is said to present & Jointed 
stncture. In many cases there are two systems of joints in 
the same region, crossing one another, so that they divide 
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the 1-ock into angular blocks, or give to a bluff a front Hke 
that of a fortification or a broken wall, as shown in fig. 30, 
— a view from the shores of Cayuga Lake. The directions 
of such joints are facts which the geologist notes down with 
care. 

11, Slaty cleavage. — The term slaty has been explained on 
page 22. But one important fact regarding the structure is 
not tbere stated, which is, that the slates are always trans- 
verse to the beddiTUf, that is, they cross the layers of stratifi- 
cation more or less obliquely, instead of conforming to the 
layers like the shaly structure. Slaty cleavage is in this 
respect like the jointed structure; but it differs in having 
tbo planes of fracture or divisional planes so close and nume- 
rous that tho rock divides into slates instead of blocks. 

Slaty cleavage is confined to flue-grained argillaceous 
Pis- 31. Fi(r. S! 

''MUM 



i-ocks. If a rock is a coarse argillaceous rock or an argil- 
laceous sandstone, it may have a jointed structure, but will 
not have the true slaty cleavage. In fig. 31 the lines of 
bedding or stratification are shown at a, b, c, d, while the 
transverse lines correspond to the direction of the slates. 
The same is shown in fig. 32, with the addition of a slight 
irregularity in the slates along the junction of two layers. 

2. FoaitionB of Strata. 
1. Original poaition of strata. — Horizontal position. — Ordi- 
nary stratified rocks were once beds of sand or earth, or of 
other kinds of rock-material, spread out for the most part 
by the currents and waves of the ocean, but partly by the 
waters of lakes or rivers. 
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When the larger portion of the beds over the North Ame- 
rican continent were formed, tbe continent lay to a great 
extent beneath the ocean, as the bottom of a great, though 
shallow, continental sea. The principal mountain-cbaiDB — 
the Rocky Mountains and the Appalachians — had not yet 
been made, and the surface of the enbmerged land was 
nearly flat. The fact that the beds were really marine is 
proved by their containing, in most cases, Bea-shella or 
corals, the relics of marine life ; and tbo great extent of tho 
continental seas is indicated by the beds covering areas of 
tens of thousands of square miles, some of them extending 
from the Atlantic border westward beyond the Ifiseissippi. 
In such great seas, having the bottom nearly flat, the de- 
posits made by means of the currents and waves would be 
nearly or quite horizontal. As they increased, they would 
near the surface ; and here the action of the waves would 
level off the upper surface of the beds, whether accumula- 
tions of sand or earth, or of shells or corals. And if the 
bottom were very slowly sinking, the accumulations would 
still go on thickening, and the beds continue to have the 
same level or horizontal position. 

Many strata have been formed along the borders of the 
continents; and here, also, they take horizontal positions. 
The bottom of the border of the Atlantic, sontb of Long 
Island, is, for SO miles from the coast-line, so nearly 
horizontal that, in a distance outward of 600 to 700 feet, it 
deepens on an average only 1 foot; and if the area were 
above the ocean, no eye would detect that it was not per- 
fectly level. It is obvious that deposits over such a con- 
tinental border, as well as those of beaches, would be very 
nearly horizofdal. 

The deltas about the months of great rivers, like that of 
the Mississippi, cover sometimes thousands of square miles. 
They are made of the sands and earth brought down by tbo 
river and spread out by tho currents of tho river and ocean. 
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Fig 33 



They are, therefore, examples of. the deposition of rocb- 
material od a scale of great extent; and various strata have 
been formed as deltas are formed. The beds of delta-deposits 
are always Jwrizontal or nearly so. 

Other beds were originally vast marshes, like the marshes 
of the present day, only larger. Such was the condition of 
those beds in the coal-formation that contain coal. Kow, 
marshes have a horizontal surface, and marsh deposits as 
they accumulate, have a horizontal structure Han^ coal 
beds contain stumps of trees (fig 83) 
rising out of the coal ; and tbey always 
stand vertically on the bed, however 
much it may be displaced, showmg 
that the bed was horizontal when 
formed, or when the trees were grow 
ing. 

Exceptions to a horizontal positton — When a nver empties 
into a lake or sea, the bottom of which, near its mouth, 
is very steeply inclined, the deposits of detritus made by the 
river will for a while conform to the slope of the bottom, 

Fg 3* 




ae in fig 34 When rivers fall down precipices they make 
a steep bank of earth at the foot whose layers if any are 
observable, will take the slope of the bank. 

But these and similar eases of exceptions to a horizontal 
position are of small extent. 

2. Dislocatians of strata. — Most of the strata of the globe 
have lost their original horizontal position, and are more 
or less inclined ; some are even vertical or stand on end. 

They are occasionally bent or folded as a quire of paper 
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might be foldedj only tho fblds aio miles, or scores of miles, 
in sweep. 

They have often also been fractured, and the separated 
parts have been pushed, or else have tallen, out of their 
former connections, so that the portion of a stratum on one 
side of the fracture may be raised inches, feet, or even 
miles, above that on the other side. 

It ie stated on p. 1, that a thickness of rock equal to 15 
<^r 18 miles is open to the geological explorer. This could 
not be true, were all strata, in their original horizontal posi- 
tion ; for the most that would m that ease be within reach 
would not exceed the height of the highest mountain. But 
the upturning which tho earth's crust has undergone has 
brought the edges of strata to the surface, and there is hence 
no such limit: however deep stratified beds may extend, 
there is no reason why the whole should not be brought up 
BO as to be exposed to view in some parts of the earth's 
surface. 

The following are explanations of the terms used in 
describing the positions of strata : — 

1. Outcrop. — The portions or ledges of strata projecting 
out of the ground, or in view at the surface (fig. 35). 

2, Dip. — The angle of slope of inclined or, tilted strata. 
In figures S5, 36, d p ia the direction of the dip. Both the 
angle of slope and the direction are noted by the geologist : 



thus, it may be said of beds, the dip is 50° to the south, t 
45" to the northwest, etc. 
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When only the edges of layers are exposed to view, it is 

not safe to take the slope of the edges as the slope of the 

layers J for in figure 36 the edges on the faces 1, 2, 8, 4, are 

fie- as. 



all edges of the same beds, and only those of the face 1 
would give the right dip. 

The dip is measured by means of instruments called clino- 
meters. In tig. 37, abed represents a square block of 

Fig. 37. 




wood, having a graduated arc b c and a plummet hung 
below a, Placed on the sloping surface A B, the position 
of the plummet gives the angle of dip. This kind of 
clinometer is often made in the form of a watch and com- 
bined with a compass. In the same figure, e d f repre- 
sents another clinometer. It has a level on the armde; 
and when the arm d f i& placed on the sloping surface, 
the other arm is raised until, as shown by this level, it 
is horizontal; the dip is the angle between the two arms, as 
measured on the arc at the joint. To avoid errors fW)n) the 
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nnovcnncss of a rock, a board should bo laid down first, and 
the measurement be made on its surface. 

3. Strike. — The horizontal direction at right angles with 
the dip, as s ( in fig. 35. The direction of the line of outcrop 
is often the true strike. 

4. Fault. — When strata have been tVactured and the parts 
are displaced, as in fig. 38, the 
displacement ia called a fault. 
The coal-beds 1 and 2 in this 
figure are thus faulted in two 

places; and the amount of the 
fault in either is the number of 
feet or inches that one part is 
above or below the other. 

5. Folds or flexures. — The rising or sinking of strata i 
curving planes, as represented in the following sections, fi| 

Fig. 39. 



39, A, B ; and in the natural section, fig. 40, from the Ap- 
palachian Mountains in Yirginia. 

Fig. 10. 



In fig. 39, ax IB the axis or axial plane of the fold. 

6. Anticlinal. — Having the strata sloping away from a 
common line in opposite directions, as the layers either side 
of a x in fig, 39, A : the axis is here called an anticlinal axis; 
and a ndge made up of such strata is an anticlinal ridge. 
The word anticlinal is from the Greek anti, in opposite direc- 
tions, and klino, I indine. 
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7. Synclinal. — Having the strata eloping towards a com- 
mon line from opposite directions. In tig. 39, B, ax, ax are 
anticlinal axes, and a' sf, between the others, a synclinal axis; 
or, viewing the former aa anticlinal ridges, the latter is a 
synclinal valley. The word synclinal is ft'om the Greek sun, 
together, and klino, I indine. 

8. Monoclinal. — Having the strata eloping in only one 
direction. A valley made by the fracture of strata and the 
slide of one side past the other, the dip of the two portions 
remaining unaltered or but little so, is called a monocliwU 
valley. The word monoclinal is from the Greek monos, one, 
and klino. 

9. GeoeliTtal. — ^Having the general mass of the earth's 
crust, but not the strata, sloping at surface towards a com- 
mon axis of depreBsion. Thus, a geoclinal valley is a depres- 
sion of the surface produced by an uplifl of the earth's crust 
on either side of the depression, without a simple synclinal 
dip in the strata bounding the depression, — as the Connecti- 
cut Valley, the Mississippi Valley. 

10. Denudation — Decapitated Folds. — If the top of the fold 
in fig. 41 were cut oflF at a b, there would remain the part 
represented in fig. 42, in which 

there is no appearance of any *' *' 

fold, and only a uniform series 

of dips ; and although 1', 2', 3', 

might appear to be the lower 

strata of the series, they are 

actually parts of 1, 2, 3. Along 

ecries of such folds pressed together, and thus decapitated, 

would make a series of uniform dips over a wide extent of 

country. 

The wear of the ridges of a country by water has oflen 
produced the effect here described over regions of folded 
rot-ks. 

In other C^ea, a similar wear has removed the roeks over 
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great areas, or filled up intermediate depressionB by soil : so 
that the rocks are visible only at long intervals (as in fig. 



43), and the faults which may exist are concealed fVom view. 
Many of the diffienltiee connected with the study of rocks 
arise ftom this canse. 

11. Unconformable strata. — When strata have been tilted 
or folded, and, subsequently, horizontal beds have been laid 
down over them, the two sets are said to be unconformable, 



because they do not conform in dip. It is a case of uncon- 
formability in the stratification. Thus, in fig. 44 the beds a b 
are unconformable to those below them ; so also the tilted 
beds c d are anconformable to those beneath, and the beds 
e/to the beds c d. 

It is plain that the folded rocks represented in figure 44 
are the oldest, and that they were folded before ab or c d 
were deposited. Again, it is evident that the beds c d are 
older than the beds ef, and also that they wore tilted and 
faulted before the beds e/were formed. Thus the geologist 
arrives at the relative periods of occurrences in geological 
time. If the precise age of the three sets of rocks here 
represented could in any case be ascertained (as they gene- 
rally may be), the periods of uplift would be more precisely 
determined. 

3. Order of Arrangement of Strata. 
It has been explained that the strata are historical 
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reeorda of past conditions of the earth's surface. In order, 
therefore, tliat the records should make an intelligible his- 
tory, all the parts should be arranged in their proper order, 
that is, the order of time. The determination of this order is 
one of the first things before the geologist in his exami- 
nations of a country. 
Many difficulties are encountered. 

1. The strata of the same i)eriod or time — called equivalent 
strata, because equivalent in age— differ, even on the same 
continent. Sandstones and shales were often forming along 
the Appalachians in Pennsylvania and Virginia, -when lime- 
stones were in progress over the Mississippi Valley. Tho 
chalk formation in England contains thick Strata of chalk; 
but in North America the same formation exists without 
any chalk. 

2. When rocks have been forming in one region, there 
have been none in progress in many others. Hence the series 
of strata serving as records of geological events is nowhere 
perfect. In one country one part will be very complete ; in 
another, another part ; and all have their long blanks, — that 
is, large parts of tho series entirely wanting. In New York 
and the States west to the Mississippi, there is only part of 
the lower half of the series. In New Jersey there is part of 
the lower half and part of the upper half, with wide breaks 
between. Over a largo part of northern New York there is 
only the very earliest of rocks, — those made before the first 
fossilifcrous beds were laid down. 

The thickness of the fossiliferous series in the State of 
NewYorkjBOuthof ita centre, is about 13,000 feet; and north 
of its centre they thin out to a few feet; in Pennsylvania, 
the maximum thickness is over 40,000 feet; in Indiana 
and other adjoining States west and south, 3500 to 6000 
feet. In Great Britain, the whole thickness above the 
nnfossiliferous bottom-rocks is about 70,000 feet. The thick- 
ness here given is the sum of the greatest thickness of each 
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of the suceesaive strata, and exceeds that existing at any one 
point, as one formation may be thickest in one district, and 
another in & district more or lees remote. 

3. The rocks of a country are to a great extent covered 
with earth or soil, so that tbey can be examined only at 
distant points. 

4. The strata, In many regions, have been displaced, 
folded, fractured, faulted, and even cryatallized extensively, 
adding greatly to the difficulties in the way of the geological 
explorer. 

The following are the methods to be used in determining 
the true order of arrangement: — 

A. In sections of the roeks exposed to view in the sides 
of valleys or ridgea, the order should be directly studied, 
and each stratum traced, as far aa possible, through all the 
exposed sections. 

When, through large inter\-al8, a covering of soil or water 
prevents the tracing of the beds, other means must be used. 

B. The aspect or composition of the rock may help to 
determine which strata are identical. But this method 
should be used with caption, for the reason stated above, in 
§ 1, — that rocks made at the very same time may be widely 
different; and, conversely, those made in very different 
periods ma}' look precisely alike in color and texture. 

C. Fossils afford the best means of determining identity. 
This is 80 because of the fact, already mentioned, that the 
fossils of an epoch are very similar in genera — if not in 
species — the world over; and those of different epochs are 
different. 

As the kinds of fossils belonging to each period and age 
are now pretty well known, and catalogues and figures have 
been published, it is only necessary, on commencing the 
inveatigation of a stratum, to collect its fossils, study them 
with care, and then compare them with the figures and 
descriptions to be found in works on the subject. In this 
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wa^ it has been proved that the chalk formation exists in 
North America, although there is no chalk to be found. In 
the same manner the equivalents in America of the rocks of 
Britain and Europe, Asia, or even Australia, are ascertained ; 
for this means of determination is a universal one, applying 
to the equivalency of rocks in different hemispheres as well 
as on the same continent. 
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EEYIEW OF THE ANIMAL AND VEGETABLE 
KINGDOMS. 

The following pages on tho Animal and Vegetable King- 
dome arc inserted in this place to prepare the student 
for tho following portion of tho work, on Historieal Geology, 
in which tho progress of life is a prominent part. 

Distinctions bdween an Aninuil and a Plant. 
1. An Animal. — An animal is a living being, sustained by 

nutriment taken into an internal cavity or stomach, through 
an opening called the mouth. It is capable of perceiving the 
existence of other objects, through one or more senBca. It 
has (except in some of the lowest species) a head, which is 
the seat of the power of voluntary motion, and which con- 
tains the mouth. It is fundamentally a fore-and-aft struc- 
ture, the head being the anterior extremity, and it is typi- 
cally forward-moving. With its growth from the germ, 
there is an increase in mechanical power until the adult size 
is reached. In the processes of respiration and growth, it 
gives out carbonic acid, and uses oxygen. 

A Plant. — A plant is a living being sustained by nutriment 
taken up exteraaily by leaves and roots. It is incapable of 
perception, having no senses. It has no head, no power of 
voluntary motion, no mouth. It is fundamentally an up-and- 
down structure, and, with few exceptions./xerf. In its growth 
from the germ or seed, there is no increasing mechanical 
power. In the process of growth, it gives out oxygen and 
uses carbonic acid. 
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I. ANIMAL EINQDOH. 

1. The Aninal Btniotiire. 
The natare of an animal reqaires, for a fbll exhibition of 
its powers, tbe following parts : 

1. A Btomach and its appendages to tarn the food into 
blood, with an arrangement for carrying off rellise material. 

2. A Bystem of vessels for carrying this blood throughout 
the body, so as to promote growth and a renewal of the 
structupo. 

3. A heart, or forcing-pomp, to send the blood throngh the 



4. A means of respiration, or of taking air into the system 
(as by lungs or gills), because this growth and renewal 
require the oxygen of the air to act in conjunction with the 
blood, as much as a fire requires air in order that the fuel 
may bum. 

5. Muscles, or contractile fibres, to act by contraction and 
relaxation in putting the parts or members in motion. 

6. A brain, or head-mass of nervous matter, and a system 
of nerves, branching through the body, to serve as a seat 
for the will and for the power of sensation and motion, and 
to convey the determinations of the will and sensation 
through the body. 

In the lowest form of animal life, as some microscopio 
Protozoans, the stomach is not a permanent cavity, but is 
formed in the mass of the tissue whenever a particle of food 
comes in contact with the body. In other words, a stomach 
is extemporized as it is needed. In species of a little higher 
grade, as Polyps, there is a mouth and stomach, with mus- 
cles, an imperfect system of nerves when any, and a means 
of respiration through the general surface of the body; but 
there is no distinct heart, and the animal is ordinarily fixed 
to a support. 
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2. SobdiTiaiona of the Animal Kingdom. 
There are/owr distinct plans of structure according to which 
animals are made; and the species corresponding to each 
make np what is called a sub-kingdom in the kingdom of ani- 
mals. These four sub-kingdoms, or plans of structurcj are 
the following : — 

1. The Veetbbbatb: having (as in Man, Quadrupeds, 
Birds, Reptiles, and Fishes) an internal jointed skeleton, 
of which the back-bone is called the vertebral column, and 
each of its joints a vertebra. 

The remaining aub-kingdoms have no internal jointed 
skeleton. 

2. The Articulate : having (as in Insects, Spiders, Crabs, 
Lobaters, Worms) the body and its appendages (as the legs, 
etc.) articulated, that is, made up of a series of joints. 

3. The iloLLUSOAN : having (as in the Oyster, Clam, Snail, 
Cuttle-fish) a soft, fleshy body without articulations pr joints ; 
and the appendages, when any exist, also without joints. 
The name is from the Latin mollis, soft. 

4. The Radiate : having (as in the Polyp, Medusa, Sea- 
urchin, Star-fish) the body, both externally and internally, 
radiate in arrangement, the parts being arranged radiately 
around the mouth and stomach, — as in a flower or an orange 
the parts are radiately arranged about its centre or central 
axis. 

Radiate animals take after the vegetable kingdom in type 
of structure (plants also being radiates) ; yet they are strictly 
animals, as they have a mouth, stomach, and other animal 
organs. The type of structure in each of the other sub- 
kingdoms is purely animal. 

6. Peotozoans. — Besides the above, there are other species 
of such extreme simplicity that neither of the systems of 
structure above mentioned is apparent in them, and these 
are, therefore, in a sense systemless animals. Many have not 
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even a mouth. They include the Sponges, and a large nam- 
ber of minute species, visible only with the aid of a micro- 
scope. 

1. SuB-KiNQpoM OF Vertebrates. 

Class 1. — Kammals. — Warm-blooded animals that suckle 
their young, ae Man, Quadrupeds, Whales. Nearly all are 
viviparous; a few (as the Opossum and other Marsupials) 
are semi-oviparous, the young at birth being very immature. 

Class 2. — Birds. — Warm-blooded air-breathing animals, 
oviparous, haviug a covering of feathers, and the anterior 
limbs more or less perfect wings. 

Class 3. — Reptiles. — Cold-blooded air-breathing animals, 
oviparous, having a covering of scales or simply a naked 
skin. There are two sub-classes : — 1. Trite Reptiles (as Cro- 
codiles, Lizards, Turtles, Snalies), which breathe with lungs 
(or are air-breathing) when young as well as afterward, 
being, in this respect, like birds and quadrupeds; 2. Amphi- 
bians (as Frogs and Salamanders), which breathe by means 
of gills when young, and afterwards become air-breathing, 
the animal undergoing thus a metamorphosis. 

Cla884. — Fishes. — Cold-blooded oviparous animals, breath- 
ing by means of gills, and having a covering of scales or 
simply a naked skin. There are three prominent groups : — 

1. Teliosts (a^the Perch, Salmon, and all common fishes), 
having the scales membranous, the skeleton bony, and the 
gills attached at only one margin. 

The name is from the Greek teldos, perfect, and osteon, 
bone, alluding to the skeleton being bony. 

The scales in many are toothed or set with spines about 
the inner margin (fig, 50), while others have the margin 
smooth (fig. 49). Fishes having scales of the former kind, as 
the Perch, have been called Otenoids by Agaasiz (from the 
Greek kteis, comb); and those having scales of the latter 
kind, as the Salmon, etc., Oijcloi-is (from the Greek kuklon, a 
circle). 
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2. Ganoids (as the Gar-pike and Sturgeon), having tho 
scales bony and aauallj shining, and the skeleton often ear- 
tilaginoas. The name is from the Greek ganos, shining. 

Fig. 45 represents one of the ancient Ganoids. The verte- 
bral eolnmn extends to the extremity of the tail, so that the 
tail-fin is vertebrated, while in modern Gars and Teliosts tho 



vertebral column stops at the commencement of the tail, or 
the tail-fin is non -vertebrate (fig. 46). Agassiz calls the former 
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kind heterocercat, and the latter homocercal. The scales are 
either rhombic, as in figs, 45, 46. or rounded. Some of these 
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rhombic bony scales are shown in figs. 47, 48. The teeth 
(figs. 52, 53) often have a folded or labyrinthine texture or 
arrangement within, as shown in fig. 54. In one group, the 
Ganoids have a pavement of teeth in the mouth, as in flg. 51. 
3. Selachians (as the Sharks and Rays), having a hard 
Hkin, often rough with minute points, the skeleton more or 

Figs. 5S-8S. 
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less completely cartilaginous, and the gills attached by both 
margins. The name is fVom the Grsek selachos. cartilage. 
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Pig. 55 roprosents, mueli reduced, one of the order (a 
Spinax), having the mouth, as usual, on the under surface 
of the head, and remarkable for the spine before each of the 
back fins : one of the flpincs is shown, natural size, in fig. 5G. 
Fig. 57 ia an outline of another Selachian, of the genus Ces- 
tracion, living in the vicinity of Australia, peculiar in having 
the mouth at the extremity of the head, and also in the 
teeth of the mouth having in part the form and appearance 
of a pavement, as shown in fig. 03. Figs. 58 to 62 are teeth 
of difl'erent Selachians related to the Sharks; and figs. C4, 
Go, pavement- teeth of Ccstraciont species. The Cestraciont 
Selachians were once very common ; but now the only living 
epeciea known arc confined to Australasia. 

2. Sub-kingdom of Articulateb. 

Among Articulates there arc three classes; one, including 
the species adapted to live on land, and which, for this pur- 
pose, breathe by means of air-vessels branching through the 
body, and two, of species adapted to live in water, and, 
therefore, having gills. 

1. Land- Articulates, or the class of Insecteans. There 
are three orders or grand divisions of Insecteans r namely, 
I. Insects; 2. Spiders; 3. Myriapods (or Centipedes). 

2. Water- Articulates, including the two classes — 1. 
Crustaceans (as Crabs, Lobsters, etc.), and 2. Worms. 

CrastaceanB. — A knowledge of the principal subdivisions 
of Crustaceans is especially important to the student in 
geology. There are three orders : — 

1. The Decapods, or IG-footed species, as the Crab (fig. 67), 
Lobster, Shrimp. 

2. The Tetradecapods, or \i-footed species, as the Sow-bug 
(fig. 68), found in damp places under logs, the Sand-flea oif 
Bca-ahores among drift sea-weed (fig. 69), etc. 

3. The Entomostracans, or inferior species, having the foet 
defective, as the Cyclops and related species (figs. 71, 72), 
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Dapknia, Limulus or Horseshoe, the Cypris, and other Ostra- 
coids (fig. 74). These Ostracoids are generally minute spe- 
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cieB, having a shell like that of a bivalve MolluBk, ae fig. 74 
Bhows; but inside of the shell, instead of an animal like a 
clam, there is one more like a ehrimp, with jointed lege. The 
name is from the Greek ostrakon, shell, the vrord from which 
oyster is derived. 

Among Entomostracans, there are also the Barnacles and 
other Cirripeda, one of which is represented in fig. 75. 

Trilobites (fig. 73) are Crustaceans related to the Ento- 
mostracans, though more like the Tetradecapods (figs. 68, 70) 
in form. They may be intermediate between the two orders. 
The tribe is now extinct. 

3. SUB-KINODOM OF MOLLUSKS. 

There are two grand divisions or classes of Moltusks: — 
1. The Ordinary MoUusUs, as the Clam^ Snail, and Cuttlefish; 
and, 2, the plant-like or Anthoid Mollusks, many of which are 
attached by stems, like fiowers, and some have an external 
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resemblance to flowers (figs. 84, 85), though not radiate 
internally like true Badiate animale. 

1. Ordinary HoUnaks. — There are three orders; — 1. Cepha- 
lopods: liaving the head surrounded by arms, and largi' 
eyes ; the shell, when any exists as an external covering for 
the body, is, with a rare exception, divided internally by 
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cross-partitions into a scries of chambers, whence they are 
called chambered shells, as in the Nautilus (fig. 76) and Am- 
monite (fig. 282). A few have an internal chambered shell j 
others an internal straight bono, which has sometimes a 
conical cavity. The name is from the Greek kephale, head, 
and yous,/oo(. ' 

2. Cephalates: having a head with distinct eyes, but no 
arms around it, and usually a spiral shell, if any ; as the 
Snail (fig. 77) and other Univalves. The name is fVom tJio 
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Greek kephale, head. Tho species of ono divieion — that con- 
taining the Snail and all ordinary Univalves — are called 
Gasteropoda, from the Greek, implying that they crawl on 
their belly, — this part acting, therefore, as a foot. In an- 
other division, they have a pair of wing-like oars for swim- 
ming, and these are called Pteropods (fig. 78), from the Greek 
pleron, wing, a.aA pons, foot. 

3. Acephals : having no prominent head, and only imper- 
fect eyes if any ; and the shell commonly of two parts called 
valves, whence the common name of most of the species, 
Bivalves, as the oyster, clam (figs. 79-81). These species are 
called CbncAi/cra, from the Latin concha, shell, and fero, I bear. 
They have thin lamellar gills either side of the body, whence 
they are often called also Lamellibranchs, from lamella, a 
plate, and branchia, a gill. 

In fig. 79, showing the Inside of a valve, 1,2 are impressions 
of the two great muscles by which the animal closes the 
shell, and p p is the impression of the margin of the mantle 
or pallium, and called the pallial impression. This mantle 
is a thin membrane lying next to the shell ; the gills are 
between it and the body of the Mollusk. In fig. 80, the 
pallial impression pp has a deep bond or sinus opening 
towards the back margin of the valvo. Shells having this 
sinus in the impression are described as sinupnllial, and 
those without it as integripallial. In fig. 81, of the oyster, 
there is but one large muscular impression (at 2). 

2. Anthold MoUoaks. — Those are of three ordera : — 

1. Brachiopoda: species (figs. 82, S3) having a bivalve 
shell, like the Cont-hifers, but one whoso form is sym- 
metrical either side of a middle lino; that is, if a line be 
dropped from the beak to the opposite edge (as from i to a 
in fig. 83), the parts of the shell on the two sides of the lino 
will be equal. A line similarly drawn in the Conchifera 
divides tho valve unequally (as in fig. 79). The animals have 
two spiral arms within, which serve as gills. The name 
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Srackiopod^ from the Greek brachion, arm, and pout, foot, 
refers to theae arms. 

2. Ascidiana: epeciea with a leathery or fleahy exterior, 
and no shell, and hence hardly recognized among foasUa. 

3. BryozodTis : species of minute size, making otten cellular 
corala which, though oflon in tbin plates or incruatatione, 
Bomotimos delicately branch like a moas, whence the name, 
from the Greek bnton, moss, and zooii, animal. They includo 
the Cellepores, Flustras, etc. 

4. SUD-KINGDOM OF BadIATES. 

There are three grand divisions of Radiates : — 

FLgs. 88-95. 
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1. Echinoderma (figs. 86-89) : having a more or leas hard 
esterior, which is often covered with spines — whence the 
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name, Awm echinus, a hedgehog, and derma, skin. The month 
opens downward in all species except the Crinoida. Among 
them there are — (1) Echinoida, in which the exterior is a solid 
shell covered with spines, and the month opens downward 
(fig. 86 — the spines are removed from half of the shell) ; (2) 
The Aslerioids, or Star-jfoAes, in which the exterior is rather 
stitf, but still flexible, bo that the animal flexes it in its 
movements (fig. 87) ; (3) Crinoids, which are much like Star- 
flshus, but have a stem like a flower (figs. 88, 89). 

2. Aealephs (figs. 90-92) : having a soft, flexible body, 
usaallj of a jelly-like aspect, though rather tough, and mov- 
ing, when free, with the mouth downward, as the Meduaee 
(Hg. 90). Some of the species called Hydroid Aealephs (figs. 
91, 92), in one of their stages, if not through all, look like 
Polyps; and t^ome of those Aealephs form corals, like the 
Polyps. The otiier species are too soft to be common as 
fossils. 

3. Polypi (figs. SS-SS) : having a soft body usually attached 
to a support; a moutli opening upward; one or more rows 
of tentacles arranged about the margin of a disk (somewhat 
like the petals of an Aster around its central disk) ; and the 
month situated at the centre of the disk, as in fig. 93. Most 
corals are made by Polyps. The coral is secreted within the 
polyp in the same manner as bones are secreted within other 
animals. Pigs- 94, 95 represent jwrtions of living coraU with 
the polyps expanded. The number of rays in the cells of 
modern corals— called Actinoids — is a multiple of six; and 
that in the more ancient corals, called Cyathophylloids, is a 
multiple o{four. 

5. Protozoans. 

Tho principal groups of Protozoans important to the 
geologist are three : — 

1. The Sponges. The sponges contain in their tissues 
great numbers of minute spicules, which are, in nearly all 
species, siliceous; and these siliceous spicules are found fossil. 
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2. Tho Rkizopods, which make minute calcareous shells 
confistiiig usually of many combined cells. They are often 
called Polytlialamia. from their many cells, and Foramm/era, 
from tho existence of minute perforations through the sheila. 
Some of tho species, magnified from 10 to 20 times {except- 
ing the last two, which are natural size), lire repreaonted in 
;. 96-109. 
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3. Polycystines, which make minute siliceous eholls, con- 
sisting of many united eeUa (figa. 110-112). They differ 
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from the Rhizopoda, further, in having tho arrangement of 

the cells radiate, and not spiral or alternate. 
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II. VEOETABLE KINQDOM. 

The vegetable kingdom ie oot divisible into Bob-kingdoms 
like the animal; for all the species belong to one grand type, 
the Badiate, the one which ie the lowest of those in the ani- 
mal kingdom. The higher subdivisions are as follow : — 

I. CaTPTOOAHB. — Having no distinct flowers or proper 
ft-uit, the 80-calied seed being only a spore, that is, a simple 
cellule without the store of nutriment (albumen and starch) 
around it which niukes up a true seed; as Ferns, Sea-weed. 
They include — 

1. Thallogens. — Consititing wholly of cellular tissne; grow- 
ing in fronds without stems, and in other spreading forms; 
as (1) Alga*, which inclnde Sea-weeds and also the ConferviB 
or frog-spittle, and many allied fresh-water plants; (2) 
Liehens, the dry grayJHh-white and grayish-green plants 
that cover stones, logs, &<s. 

The Marine Algce, or Sea-weeds, that are found fossil, and 
are not microscopic in size, arc mostly of the tough leathery 
kinds, related to the modern Fuel. They are often called 
by the general term of Fucoids, signifying resembling Fuci. 

2. Anogens. — Consisting wholly of cellular tissue ; growing 
up in short, leafy stems; as (1) Musci, or Mosses; (2) Liver- 
worts. 

8. Acrogens. — Consisting of vascular tissue in part, and 
growing upward; as (1) Ferns or Brakes; (2) Lyeopodia 
(Ground-Pine); (3) Equiseta (Horse-tail or Scouring Rush); 
and including many genera of trees of the Coal period 
related to these groups. 

The Microscopic Algte are sometimes called Protopkytes. 
They are mostly one-celled species: a few consist of a email 
number of cells united ; and those pass into other species, 
like common mouldy which aro in threads, simple or branched, 
made up of many cells. The kinds found fossil aro the fol- 
lowing ; — 
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1. Diatoms. — Species having a eiliceoud shell, often quite 
boautiAil in form. Some of the &hells are represented, highly 
magnified, in figs. 117 to 122. They grow so abundantly in 
Bomo waters, fresh or salt, as to produce large siliceous beds, 
the material of which is an excellent polishing powder and 
has long been used for this purpose. 

2. Desmids. — Species making no siliceous shell, conaieting 
of ono or more greenish cells (figs. 181 to 187, p. 110). These 
are found fossil in flint and hornstone. 

II. Fhenooams. — Having (as the name implies) distinct 
flowers and seed; as the Pines, Maple, and all our shade and 
fruit trees, and the plants of our gardens. They are divided 
into — 

1. Gj/mnosperms. — Having the flowers exceedingly simple, 
and the seed naked, — the seed being ordinanly on the inner 
surface of the scales of cones, and the wood having a bark 
and rings of annual growth (fig. 113); as the Fine, Spruce, 
Hemlock, etc. The name Gymnosperm is from the Greek 
for naked seed. 

jj „, Figs. 113-122. li 
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The Gymnosperms include (1) the Conifers, or the Pine- 
tribe of plants, usnally called evergreens; and (2) the Cycads, 
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or plants related to tho Cycai and Zamia, n-hich have the 
leaves and look of a Palm page 167), although, in frtift and 
wood, true GymnoHpermB. There 1b a third group of extinct 
spectcfl (which have not existed bIdcq the CarboniferouB age), 
called Sigillarits (see p. 128), 

Tho wood of the Conifers ia simply woody fibre without 
ductB, and in this respect, as well as in the flowers and Beed, 
this tribe shows its inferiority to tho following subdivision. 
The fibres, moreover, may be distinguished, even in petrified 
apecimons, by tho dots along their surface as seen under a 
high magnifier. The dots look like holes, though really only 
thinner spaces. Fig. 114 shows these dots in the Finns 
Strobus. In other species they are less crowded. In one 
division of the Conifers, called the AraucaritE, of much geo- 
logical interest, these dots on a fibre are alternated (fig, 115), 
and tho Araucarian Conifers may thus be distinguished. 

2. Angiosperms. — Having regular flowers and covered seed; 
gi-owth exogenous, the plants having a bark and rings of 
annual growth (fig. 113) ; as the Maple, Elm, Apple, Rose, and 
most of the ordinarj- shrubs and trees. These plants are 
called Angiosperms, because the seeds are in seed-vessels; and 
also Dicotyledons, because the seed has two cotyledons or 
lobes. 

The Gj-mnosperma and Angiosperms make up the division 
of plants called Exogens, which is so named from the Greek 
exo, outward, and gennao, to grow, because gi-owtb takes place 
through annual additions of layers to the outside of tho trunk 
between the wood and the bark, as illustrated in fig. 113. 

3 EndogeiiS. — Having regular flowers and seed ; growth 
endogenous, the plants being without bark, and showing, in 
a transverse section of a trunk, the ends of fibres, and no 
lings of growth (fig. 116^ j as tho Palms, Rattan, Reed, 
Grasses, Indian Corn, Lily. The Endogens are Monocotyle- 
dons; that is, the seed is undivided, or consists of but one 
cotyledon. 
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PART III. 
HISTORICAL GEOLO&Y. 



HiBTOBiCAL Geology treats of the order of encceseion in 
the strata of the earth's cruat, and of the changes that were 
going on daring the formation of each bed or Htratum, — that 
is, of the changes in the oceans and the land ; of the changes 
in the atmosphere and climate ; of the changes in the plants 
and animale. In other words, it is a historical view of the 
events that took place during the earth's progress, derived 
from the study of the anccessive rocks. It is sometimes 
called stratigrapMcal geology ; but this term embraces only 
a description of the nature and arrangement of the earth's strata. 

By using the means for determining the order of the 
several formations mentioned on page 44, and by a careful 
study of tho organic remains (as fossils are often called) 
contained in the rocks, from the oldest to the most recent, 
it has been found that a number of great ages in the progress 
of this life, and in other events of the history, can be made 
out. 

The following have thus been ascertained: 

(1.) There was j?rs( an age, or division of time, when there 
was no life on the globe ; or, if any existed, this was true 
only in the later part of the age, and the life was probably 
of tho very simplest kinds. 

(2.) There was next an age when Shells or MoUneks, 
Corals, Crinoids, and Trilobites, abounded in the oceans, 
when the continents were almost all beneath the salt waters. 
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find when there was, as far as has been ascertained, no ter- 
restrial life. 

(3.) There waa next an age when, besides Shells, Corals, 
Crinoids, Trilobitcs, and Worms, there were Fisbea in the 
waters, and when the lands, though yet small, began to be 
covered with vegetation. 

(4.) There was next an age when the continents were at 
many successive times largely dry or marshy land, and the 
land was densely overgrown with trees, shrubs, and smaller 
plants, of the remains of which plants the great coal-beds 
were made. In animal life there were, besides the kinds 
already mentioned, various Amphibians and some other 
Reptiles of inferior tribes, 

(5.) There was next an ago when Eeptiles were exceed- 
ingly abundant, far outnumbering and exceeding in variety, 
and many also in size and even in rank, those of the present 
day. 

(6.) There was next an age when the Beptiles had dwin- 
dled, and Mammals or Quadrupeds were in great numbers 
over the continents; and the size of these Quadrupeds, like 
that of the Reptiles in the preceding age, was far gi-eatcr 
than the size of modern species. 

(7.) After this came Man; and the progress of life here 
ended. 

The above-mentioned ages in the progress of life and the 
earth's history have received the following names ; — 

1. Azoic Time or Age. — The name is from the Greek a, 
not or without, and zde, life. 

2. AoE OP MoLLusKS, or the Silurian Age. 

3. AoE OP Fishes, or the Devonian Age. 

4. Age op Coal-Plants, or the Carbonifeeocs Age. 

5. Age op Reptiles, or the Reptilian Age. 
C. Age of Mammals, or the Mammalian Age. 
7. Age of Man. 

The first of these ageft— the Azoic— stands apart as tho 
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preparatory time for the commencement of tho syntomB of 
life. The next three ages wore alike in many respects, — 
e-pctially in the air of antiquity pcr\'ading tho tribes that 
then lired, the eheiis, criaoida, corals, lishcH, coal-planta, and 
reptiles belongins to tribes that are now wholly or nearly 
cxlinet. The era of those ages has, therefore, been appro- 
priately called Paleozoic time, the word PaUozoic coming from 
the Greek palaios, ancient, and zoe, life. 

The next ago was usbered in after tho extinction of many 
of tho Paleozoic tribes; and its own peculiar life approxi- 
mated more to that of the existing world. Yet it was stil.l 
made up wholly of extinct specieR. and the most prominent 
of tho tribes and genera disappeared before or at its close. 
This age correspondfl to Meilieval time in geological history, 
and is called Mesozoic time, from the Greek mesos, middle, and 
zoe, life. 

Tho next age was decidedly modem in the aspect of its 
species, the higher as well as lower, although only a few of 
those of its later epochs survive into the age of Man. It is 
called Cenozoic time, from the Greek kainos, recent, and zoe, 
life (tho ai of Greek words always becoming c in English, — 
as, for example, in ether, from the Greek aither). 

The following arc, then, tho grand divisions of geological 
time adopted : — 
I. Azoic Time. 
II. Paleozoic Time, including (1) The Ago of Mollusks, 
or Silurian ; (2) Tho Age of Fishes, or Devonian; (3) The 
Ago of Coal- Plants, or Carboniferous. 

HI. Mesozoic Time, including the Eeptilian Age. 

IV. Cenozoic Time, including the Mammalian Ago. 
V. The Age of Mind, or the Human Era. 

The following sections represent the successive formations 
of the globe, arranged in the order of time, with the subdj. 
visions corresponding to the Ages and Periods. 

The various strata in the formations of an age are very 
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divereified in character, limestones being overlaid abruptly 

by Bandstones, conglomerates, or shales, or either of these 
last by limestones; and each may be very different from the 
following in its fosaila. These abrupt transitions in the 
strata are proofs that there were great changes at times in 
the conditions of the region where the strata were formed, 
and the transitions in the kinds of fossils are evidence of 
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great deatmction at intervale in the life of tho seas. Soch 
traneitioDS, theroforo, Daturatly divide off the agos into 
smaller portioLB of time, or periods, an they are called. By 
transitions similar in kind, but not so great, periods may 
often be eubdividod into still smaller parts, or epochs. 

In the preceding sections, Azoic is at the bottom, oa tbe 
left; above it there are the names Silurian, Devonian, and so 
on; and the names of tbo Periods, Pofarfam, ZVenton, etc., 
dividing off these Ages, on the right. 

The names of the Periods in the first part of the section 
(those of the Paleozoic) are derived from the names of Ame- 
rican rocks. Tbe names on tbe other part arc mostly Euro- 
pean, as the series of rocks it contains (those of Mesozoic and 
Cenozoic time) are more complete in Europe than in America. 

The map on page 69 represents the distribution of tbe rocks 
of the different ages, as surface-rocks, over the United StaCes 
and Canada. 

The Azoic areas are dotted with short lines. 

The Silurian are lined horizontally. 

Tbe Devonian are lined vertically. 

The Carboniferous arc black, or black cross-lined or dotted 
with white, the black areas being of tbo Carboniferous period ; 
tbe crosB-lined of tbe Subcarboniferous; the dotted, of the 
Permian. 

Tho Mesozoic have lines, or lines of dots, inclined from the 
right above to the left below, thns (/); the areas with lines 
being Triassic or Jurassic, and those with lines of dots Cre- 
taceous. 

The Cenozoic have lines inclined from tbe left above to tbe 
right below, thus (\); the areas more openly lined on tbe 
left border of the map are of fresh-water or brackish- 
Water origin, and the rest mainly of marine origin. 

The areas left white are of unascertained or doubtful age. 

Tbe Silurian strata may underlie tbe Devonian, and both 
Silnrian and Devonian the Carboniferous. The black areas 
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of the Carboniferous period do not, therefore, indicate tho 
absonto of Devonian and Silurian, but only that the Car- 
boniferous strata are the surface strata over the region. 
There may even be exceptions to this remark with regard 
to the surface strata; for over the areas thus marked Car- 
boniferous, older rocks may occur in some of the bluffs along 
the valleys, or occupy small areas in the region, which are 
too limited to be noted on so small a map. 

The map on page 71 represents the surface-rocks of the 
State of New York aud Canada, the several areas corre- 
sponding to the periods. For the Silurian, the lines or dots 
are drawn korkontaUy, as in tlic preceding, and for the 
Devonian, vertically. There is no Carboniferous, except near 
the southern border of the State of New York. 

No. 1. The Azoic. \ 

2. The Primordial, or Potsdam Period. ( Lower 

3. The Trenton Period. ( Silurian. 

4. The Hudson Period. ) 

5. The Niagara Period. \ Upper 

6. The Salina Period. / Silurian. 
9. The Upper Helderborg Period. \ 

10 The Hamilton Period. 

11 The Chemung Period. 
12. The Catsklll Period. 

Fig I2b 



) Devonian. 
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In the section in fig, 125, the rocks of the 
periods are represented in order, from ibo Azoic, in nortbcm 
New York, Bouthwestward to the Coal formation of Penn- 
fij'lvania, showing that they succeed one another on tho 
map simply because they come to the surface in succession. 
Tho amount of dip and its regularity arc greatly exag- 
gerated in the section; and there is no attempt to givo 
the relative thickness of the beds. 



I. AZOIC TIME, OR AGE. 

1. Socka: kinds and distribotion. 

1. Distribution. — The Azoic Age commenced with tho 
origin of the earth's crust, and includes tho oldest rocks of 
tho globe. Its formations arc those upon which the foa- 
siliferoua rocks of the Silurian and subsequent ages have 
been spread out, and the material out of which most of those 
later i-ocks have been made. 

The Azoic rocks extend around the whole sphere; but, in 
general, they are concealed from view by subsequent forma- 
tions. In North America they are fiur/dce rocks OTcr a large 
area north of tho great lakes, tho longer branch of which 
area mua northwest to tho Arctic Ocean, and the shorter, 
northeast to Labrador. The white area on the following 
map, in what is now British America, is tho portion of tho 
continent covered with Azoic rocks. 

The shape is a little like ihat of tho letter V. Thero 
is also a small Azoic area in northern New York (see map, 
p. 71); another south of Lake Superior; and a few other 
spots east of the Rocky Mountains. What portion of tho 
Ilocky Mountain region, or the country beyond, may be 
Azoic at surface, is not known. 
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In Europo, Azoic rocka are in 7iew in the great iron 
regions of Sweden and Norway, in Bohemia, and in north- 
ern Scotland. 

2. Kinds of Rocks. — The rocljB are mostly crystaUine rocks, 
such U3 granite, syenite, gneiss, hornblendic gneiss, mica- 



schist, hornblendie, chloritic, and talcoso schists, and grann- 
lar limestone. But besides these there are some hard con- 
glomerates, quartz-rocks or gritty sandstones, and slates. 
The beautiful iridescent feldspar called labradorite is a 
common constituent of some of the crystalline or granitic 
rocks. 
Along with the rocks there are. In somo regions, ii 
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beds of iron ore (i, i, i =.i fig. 128). In northern New York 

there are beds 100 to 700 feet thick. In Missouri there aro two 

"iron mountains," as they are called; 

one, the Pilot Knob, is 581 feet high, 

the other 228 feet. Similar iron-ore 

beds occur In Michigan, south of Lake 

Superior. 

3. Disturbance and Crystallization of the Bocks. — The layers 
of gneiss and other schistose roeka, with the included lime- 
stones, are nowhere horizontal; but, instead of this, they 
dip at all angles, and are often flexed or folded in a most 
complex manner. Fig. 129 represents the folded character 

Fig 129 



uidStLoulBlUpIds 

of the Azoic rocka of Canada. The folded rocks in this 
figare are overlaid by beds that arc uearly horizontal, which 
belong to the Lower Silurian, 

Owing to the dislocations and uplifts which the rocks 
have undergone, the iron-ore beds look like veins; and even 
the strata of crystalline limestone have often a similar vein- 
like appearance. Where strata have been thrown up so that 
the layers stand vertical, the included bed of ore will be 
vertical also, and will descend downward in the same man- 
ner as a true metallic vein ; and through the breaking and 
faulting of the strata, many of those irregularities would 
result that are so common in veins. 

Gneiss, mica-aehist, granular limestone, and other crys- 
talline rocks have been described on page 23 as metamor- 
phic rocks, — rocks that were once horizontal sandstones, 
shales, and stratified limestones, and which have been, 
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by some procesn, crystallized. The gneiss and Bchista in 
Azoic regkiiis are ac-liuilly in layere or strata, alternating 
with one another, as common with ordinary sandstones and 
shales ; and the ore-beds are conformable to the layers of 
schist and quartz-rock in which they occur. 

4. Conclusions as to the Origin of the Rocks. — The following 
conclusions honco follow: — (1) That the Azoic rooks here 
referred to were oriyinally horizontal strata of sandstones, 
shales, and limestones; (^i) That after their formation they 
were pushed out of place by some great movement of the 
earth's cruet, which uplifted and folded them, so that now 
they are nowhere horizontal ; (3) That, besides being dis- 
placed, they were also crystallized,— that is, changed into 
metamorpkic rocks. Even the sandstones and conglomerates 
of the Azoic give evidence by their hardnefis of the action 
of the same heat that caused the crystallization of other 
Azoic strata. 

It is altogether probable that the time of the uplifting 
and that of the mctamorphism were the same. There may 
have been many such metarmopbic epochs in the course of 
the Azoic age. But, since even the latest beds of the Azoic 
are thu.s upturned and crystallized, an extensive revolution 
of this kind must have been a closing event of the age. Fig. 
129 shows that the upturning preceded the formation of 
the lowest Silurian beds, for these lie undisturbed over the 
folded and crystallized Azoic. 

Below the surface Azoic rocks, there must be others, con- 
Btituting the interior portions of the earth's crust. If the earth 
were originally a melted globe, as appears altogether pro^ 
bablo, the earth's crust is its cooled exterior. Whenever 
the crust formed, its surface must have been at once worn 
by the waves, wherever within their reach, and deposits of 
sand, pebbles, and clay must have been formed ; and in this 
way the Azoic formations were begun. But at the same 
tinio that these surface strata were in progress, the crust 
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vrould have been incretkeing in thickness within by the cool- 
ing which was continuing its progress. Of the interior rock 
of the crust we know little or nothing. 

2. Life. 

The Azoic rocke as far as they have been examined, eon- 
tain no fossils. It is not yet certain, however, that some 
life may not have existed on the globe before the close of 
the age. 

There is abundant reason for concluding that(f there were 
any plants, they were only sea-weeds f for none but sea-weeds 
occur in the overlying Lower Silurian formations. ^ there 
were any animal life, it is probable that it included only the 
minute aninmlcular forms; since if shells and corals wer«in 
the seas their remains would have been preserved in soma 
of the beds that were least altered by the heat of meta- 
morphism. 

Th« graphite in certain Azoic rocks, as in those near 
Ticonderoga, is sometimes thought to be evidence of the 
existence of plants, because it is known that in later times 
graphite has been formed out of the remains of plants. The 
limestone beds have suggested the idea that there may have 
been animal life of some kinds; for almost all limestones 
(see p. 21) are of organic origin. But the evidence with 
regard to both plants and animals is still doubtful. 

3. Oeneral Obaervations. 
The large Azoic area on the map, p. 73, i-epresents the 
main portion of the dry land of North America in the later 
part or at the close of the Azoic age ; for it consists of the 
rocks made daring the age, and is bordered, on its different 
sides, by the earliest rocks of the next age. It is the outline, 
approximately, of Azoic North America, or the continent, as 
it appeared when the Silurian age opened. It is, therefore, 
the beginning of the dry land of North America, the original 
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QucUaB of tho continent, to which additions were made, in 
succession, with the progress of the ages, until its final com- 
pletion as the age of Man was opening. The smaller Azoic 
areas mentioned appear to have been mere islets in tho 
great continental sea. 

Each of the other continents was probably represented 
at the same time by its spot, or spots, of dry land. All the 
rest of the sphere, excepting these limited areas, was an 
expanse of waters. 

The evidence appears also to show that both waters and 
land were lifeless wastes, except it be that sea-weeds and 
Protozoans were in the oceans. 

The facts to be presented under the Silurian age teach 
that the great, yet unmade, continents, although so small in 
the amount of dry land, were not covered by the deep ocean, 
but only by shallow oceanic waters. They lay just beneath 
the waves, already outlined, prepared to commence that 
series of formations— the Silurian, Devonian, Carboniferous, 
and others — which was required to finish the crust for its 
ultimate continental purposes. 

We thus gather some hints with regard to the geography 
of America in the period of its first beginnings. It is stated, 
in Genesis, that on the third day the waters were gathered 
together into one place, and the dry land was made to appear, 
and also that, as a second work of the same day, plants were 
called into existence as the first life of the earth. The Azoio 
age in geology witnessed, with little doubt, the appearance 
of the first continents and probably of the first plants. 

The outline of the northern Azoic area on the map, p. 73 
— the embryo of the continent — is very nearly parallel to 
that of the present continent. The Azoic lands, both in 
North America and Europe, are largest in the more northern 
latitudes. 



D,q,i,.cdbvGooyk" 



PALEOZOIC TtHI. — LOWER GILVBIAH. 



n. PALEOZOIC TIME. 

Paleozoic time includes three ages : — 

1. The Age op Molluskb, or Silurian Age. 

2. The Age or Fishes, or Devonian Age. ■ 

3. The Age of Coal-Plants, or Carboniferous Age. 

Id describiDg the rocks of theao ages over North Ame- 
rica, and the events connected with their hiHtory, there are 
three distinct regions to bo noted, — distinct, because in an 
important degree iudcpendent in their history. These are — 

1. The Eastern border region, or that near the Atlantic 
border, including central and eafitern New England, New 
Brunswick and Nova Scotia, and the coast region south of 
Now York. 

2. The Appalachian region, or that now occupied by the 
Appalachian Mountain chain, from Labrador, on the north, 
along by the Green Mountains, and the continuation of tho 
heights through New Jersey, Pennsylvania, Virginia, east- 
ern Tennessee, and so south westward to Alabama. 

3. The Interior Continental region, or that west of tho 
Appalachian region, continued over much of tho present 
eastern slope of the Rocky Mountain chain. 

We may have hereafter to recognize a Rocky Mountain 
region and a Western border region, and others on tho north ; 
but at present tho geology of these regions is too imperfectly . 
known to render iC necessary. 

I. AQE OF MOLLUSKS. OB SILURIAN AGE. 

This Age is called Silurian, from tho region of tho ancient 
Silurea in Wales, where the rocks occur. It was first so 
named by Murchison. 

The Age is naturally divided into Lower and Upper Silu- 
rian, each corresponding, in America, to tlireo periods, thus: 
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1. LoWEB SlLVBIAN. 

1. Potsdam, or Primordial Period. 

2. Trenton Period : Baia formation and Llandeilo flags of 
England. 

3. Hudson Period : Lower Caradoe, or Upper Llaodeilo 
beds of England. 

2. IJPPEB. SiLUBIAN. 

1. Niagara Period: Wenlock beds of England, either in 
part, or wholly. 

2. Salina Period. 

3. Lower Helderberg Period : Ludlow beds of England, 
or all but their upper portion. 

The Silurian is also sometimes divided as follows : — 

1. pRiMORDiAii Silurian, or Potsdam Period. The term 

Primordial signifies _^rs( in order, or, in this place, the period 

of the first life of the globe. 

"L Middle Silurian ; corresponding to the remainder of 

the Lower Silurian. 
. 3. Upper Silurian. — The same b» above given. 

I. FBIHOBDIAL, OR FOTSDAH PERIOD. 
1. Bocks: kinds and distributian. 

The strata of the Primordial or Potsdam period, in Ame- 
rica, over the Interior Continental basin, are exposed to view 
atintei-valsfromNew York to the Mississippi River; beyond 
the river, over some parts of the eastern slopes of the Rocky 
Mountains ; and also in Texas. The area on tho map of !New 
Tork and Canada (p. 71) is that numbered 2, lying next to 
the Azoic. There is reason to believe, from tbo many points 
at which the strata come to the surface (as in Michigan, Wis- 
consin, Iowa, Missouri, Tennessee, Texas, the Upper Mis- 
souri i-egion), that they extend over the larger part of the 
continent outsiide of the Azoic area represented on the map. 
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p. 73, though concealed by other less ancient strata over 
moBt of the surface. 

Through this interior region the lower rocka are mainly 
a sandstone, — called the Potsdam sandstone, from a locality 
in northern New York. The sandstone beds contain, in 
many places, ripple-marks (fig. 18, p. 32) ; mud-cracke (fig, 
20) ; layers showing the wind-drift and ebb-and-flow struc- 
ture (figs. 17/, e,); worm-burrows, and also occasionally the 
tracks of some of the animals of the period. The upper 
rocks in New York, and in the same latitudes west, are 
sandstone, containing some carbonate of lime, and called the 
Calciferous beds; but more to the south in the Mississippi 
Valley the bods are mainly a magnesian limestone, called 
the Lower Magnesian. 

In the Appalachian region in Vermont, north in Canada, 
and in Pennsylvania, etc., the rocks are slates overlying 
sandstone, — the whole 2000 to 7000 feet or more thick, 
exceeding many times the thickness to the west. In the 
Eastern border region beds of the period occur at Braintree 
near Boston, and near the Labrador coast. 

In Great Britain the primordial rocks are hard sandstones 
and slates, called in part the Lingula flags. They are most 
extensively in view in north and south Wales and in Shrop- 
shire. A lower portion of the series, of great thickness, 
consisting of slates and other rocks, has been named Cam- 
brian by Sedgwick. 

In Lapland, Norway, Sweden, and Bohemia, Primordial 
strata have been observed. If the strata of later date could 
be removed from the continents, we should probably find the 
primordial beds extensively distributed over all the conti- 
nents. 

2. Life. 

These most ancient of foseiJiferous rocks contain no 
remains of terrestrial life. The plants of the period were all 
sea-weeds. Among animals, the sub-kingdoms oi Radiates, 
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Molluska, and Articulates were represented by wattTspecies, 
and by these alone. There is no evidence that there were 
any Vertebrates. 

The older aandatone abounds in many places in a shell 
smaller, in general, than a finger-nail, called a Lingula (fig, 
133). It is the ahellof a MoUaak of the tribe of Brachiopods. 
It stood on a stem, when alive, as represented in fig. 82, p. 
55. These shells are so characteristic of the beds in many 

30 3j FigK. 130-138, 
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Vis- 130, PbjUognptiu Typni; 131, ISZ, OnptoUIbns Logsni; 133, Lingula prima: 134, 
OpIiilEU leista; 13J, Leperdltls Anna; 13a, sain«, DHlnnil lAia; 137, Paradoildea Ilailaul 
(Xj®; 138, Track of s TriroMte <x %). 

regions as to give them the name of Lingula flags, or Lin- 
gula sandstone. 
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Another tribe very pi-ominent among the earliest of tb© 
earth's animals is that of Trilobites, of the sub-kingdona of 
Articulates, and class of Crustaceans. 

One of the largest species of them is represented in fig. 
137, reduced to one-sixth the natural length. Its total 
length, when living, must have been 18 inches or piore, and 
hence it was as largo as any living Crustacean. The speci- 
men figured was found at Braintree south of Boston. It is 
seen to have had large eyes Kituated on the head-shield, — 
evidence, as Buckland observed, of the clear waters and 
clear skies of Primordial time. As no legs are ever found 
in connection with Trilobites, they are supposed to have 
had only thin membranous or foliaceous plates for swimming. 
Fig. 1S8 shows the track of a- largo animal found by Logan 
in the Canadit beds (and reduced like fig. 137), which may 
have been made by one of the great Trilobites as it crawled 
over the sand. 

Another group, characterizing especially the later half of 
the period, is that of OraptoUtes, two specimens of which are 
shown in figs. 130, 131, and an enlarged view of part of fig. 
131 in fig. 132. The species are so named irom the Greek 
grapho, I write, in allusion to their having commonly a plume- 
like form. The fossils are very thin, and are supposed to have 
consisted of the cells of minute Radiate animals, allied to the 
Hydroid Acalephs (p. 58). A gi-eat number of species have 
been described. They appear to have grown like delicate 
mossy plants densely over the muddy bottom of the sea. 

Among Moltusks, besides Brachiopods, there were also 
Crasteropods, one of which is shown in fig. 134. 

Crustaceans were represented also by a few species a Httle 
like shrimps in general form, but having foliaceous legs like 
the Trilobites, and called JViyllopods; also by Ostracoids, one 
species of which is shown, enlarged, in fig. 135, and of natu- 
ral size in fig. 136. These little Ostracoids, though iiisig- 
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uificant in size, are so abundant in Bome places aa nearly to 
make up the mass of a eUte. 

The existence of marine worms among the earliest animals 
of the globe, is proved by the great numbers of worm-holes 
or burrows in the sandstones, now filled with the hard sand- 
stone like that of the rock. They are very similar to the 
holee made by such worms in the sands of sea-shores at the 
present time. One species is called Scolithus linearis. These 
worm-holes are common in the European as well as Ame- 
rican Primordial sandstones. 

There were also Crinoids of the sub-kingdom of Radiates 
(p. 58), for disks from the broken stems of Crinoids are not 
oncommon. And among Protozoans there were at least 
Sponges, if not also the minute Rhizopods and Folycystines 
(p. 59). 

Sponges among Protozoans, — Graptolites and Crinoids 
among Radiates, — Braehiopods and some representatives of 
other tribes among Mollusks,—y^urTas and Trilobitcs, and a 
few other Crustaooans, among Articulates, — and Sea-weeds 
among Plants, — made up the living species ; and in this Prim- 
ordial population, Trilobitcs took the load. There is as yet 
no evidence that the dry Primordial hills bore a moss or 
lichen, or harbored the meanest insect, or that the oceans 
contained a single fish. 

3. General Observationa. 
The ripple-marks, mud-cracks, and tracks of animals pre- 
served in this most ancient of Paleozoic rocks are records 
left by the waves, the sun, and the life of the period, as to 
the extent and condition of the continent in that early era ; 
and the layers having the wind-drift structure or the ebb- 
and-flow structure are other evidence of similar import. 
These markings teach that when the beds were in progress 
a large part of the continent lay at shallow depths in the 
sea, so shallow that the waves could ripple its sands; — that 
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over other portions the surface was a sand-flat exposed at 
low tide; or a sca-beacb, the burrowing-place of wormBj — 
or a mud-flat, that conid be dried and cracked under tho 
heat of the sun, or in a drying atmosphere^ or a field 
of drift heaps of sands, beyond the reach of the tides, whicii 
tho winds, now gentle in movement, and now blowing in 
gales, had gradually built up. 

With such evidences of shallow water or emerged Band 
in a formation extending widely over the continent, it is a 
safe conclusion tliat tho North American continent was 
at the time in tulual existence, and probably not fer from 
its present extt'ut; and, although partly below the sea-level, 
it was generally at shallow depths. The same may prove 
to have been true of the otiier continents. There is, in fact, 
evidence of other kinds which, taken in connection with the 
above, leaves little doubt that the existing places of the deep 
ocean and of the continents were determined even in the 
first foimation of the earth's crust in the early Azoic, and 
that, in all the movements that have siuee occurred, the 
oceans and continents have never changed places. 

This preservation of markings, seemingly so perishable, 
on the early shifting sands, is a very instructive fact. They 
illustrate part of tho means by which the earth has, through 
time, been recording its own histoiy. The track of a Trilo- 
bite or of a wavelet is a mould in sand or earth, into which 
other sands are cast both to copy and preserve it; for if the 
waves or currents that succeed are light, they simply spread 
new sands over the indented surface, without obliterating 
the mould; and so the addition of successive layers only 
buries the markings more deeply and thus protects them 
against destruction, Wiien, fioally, consolidation takes 
place, the track or ripple-raark is made as enduring as the 
rock itself 

After the formation in North America of the great Primor- 
dial sandstone, there was a change in the condition of the 



D,q,i,.cdbvGooyk" 



AND HUDSON PERIODS. 85 

surface, especially over the interior of the cootinent. For 
limestone strata began then to form where sandstones were 
in progress before. This change was probably some increase 
in the depth and clearness of the interior of the continental 
sea. Along the borders of this sea — that is, in New York 
and along the Appalachian region from Quebec into Vir- 
ginia — the rock was still a sandstone or shale, though often 
more or less calcareous in its composition. 

The limestone of the interior region is remarkably free 
from fosBils; and if, as is probable, it was of organic origin, 
it follows either that the fossils were all ground to powder 
to make the rock, or else they were too minute to need 
grinding, — like the Khizopods figured on page 59, which 
seldom exceed the finest grains of sand in size. Now, since 
sach Ehizopods made the strata of chalk at a later age, and 
since also they constitute at the present time the bed of the 
ocean over immense areas in both deep and shallow waters, 
and inasmuch as their existence in the Lower Silurian era 
lias been proved by finding fossils of them (though not in 
the rock here under consideration), it is certainly possible 
that the magnesian limestones of the period may have been 
formed out of the remains of Ehizopods. 

Whether the reasoning here used be regarded as satisfac- 
tory or not, the above will serve to illustrate the methods 
of searching into the geography of the ancient world that 
are within the reach of the geologist. And when the facts 
are all fully known, there is little reason to doubt that the 
results arrived at will be in the main right. 

2. TRENTON AND HUDSON PERIODS. 

The Middle Silurian includes the IVfinton and Hudson 
periods of America, and those of the Bala limestone and 
lAandeilo fiags of Great Britain. 
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Eooki : kinds and dutribvtion. 

In the Primordial period of Aiberica, there was, firet, the 
spreading oat of a great sandBtoae over the submerged por- 
tions of the coDticeot ; afterwards, the formation of a lime- 
Btone about the middle of the Interior Continental baBin, 
while sandstones but little calcareous were forming along 
the northern United States and over the Appalachian 
region. 

In the next period, called the Trenton, limestooee were 
in progress over the Appalachian region, as well as a very 
large part of the Interior Continental basin, — northeastern, 
northern, and southern. It was the most universal of all 
liroeBtone formations. It is numbered 3 on the map, p. 71. 

The rock differB from the Lower Magnesian limestone in 
being full of fossils, — shells, crinoidal remains, corals, etc. ; 
and often the fossil shells and corals ore so crowded together 
that no spot as large as the end of the finger can be found 
without one or more of them. In fact, if the portions which 
seem to be without them are sliced very thin and examined 
under n microscope, they are found to be made up of frag- 
ments of fossils. 

The thickness of these rocks in some portions of the Ap- 
palachian region is 6000 to 8000 feet, or more than ten times 
the thickness in the larger part of the Interior Continental 
region. 

The name Trenton is derived from Trenton Falls, north 
of Utica, New York, where the Trenton limestone ie exposed 
in high bluffs along the banks of the stream. The " Chazy," 
"Birdaeye," and "Black Eiver" limestones are the lower 
strata, in succession, of the Trenton Period, the Chazy being 
the oldest. 

In the Crreen Mountains these limestones are now in the 
condition of white statuary or building marble; for they 
are the marbles of the Stockbridge and other quarries in 
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Berkshire, Massachnsetts, and of those of Vermont. They 
have been altered or metamorp hosed, in this part of the 
AppiAachiaD region, into a tryataUine rock, or, in other 
words, they are metamorpkic limestones (see p. 21). In the 
proeees of change they have lost all their fossils, excepting 
a rare example, as at Sudbury, Vermont. Other associated 
rocks in the same region are also metamorphic, or more or 
less crystalline. 

Before the close of the Lower Silnnan — that is, in the 
Hudson period — the area of limestone-making bad again 
contracted. Over the Appalachian region in Pennsylvania, 
and in the northern portion of the Interior Continental region, 
— that is, through New York State and the same latitudes 
to the westward, — the rocks are shales and shaly sandstones; 
while in Ohio and aomo other States beyond they consist of 
shales and limestones, or sbaly limestones. The Utica shale 
and Lorraine shale of centi-al New York are of this period 
(see No. 4, on the map, p. 71). 

The rocks of the Middle Silurian, in Great Britain, are 
shales and shaly sandstones, with but little limestone. The 
Llaodeilo flags are shaly sandstones; and, together with the 
associated shales, they have a thickness of many thousand 
feet. Above them there are the Caradoc sandstone of Shrop- 
shire and the Bala formation — the latter including some 
limestone in Wales. In Scandinavia there are limestone 
formations, overlaid by slates and flags; in Bussia and the 
Baltic provinces — part of the Interior Continental portion 
of the Eastern Continent — the rocks are mainly limestones. 

2. Life. 

The life of the Middle Silurian, like that of the Primordial 
period, was, as far as evidence has been collected from the 
American or Ibreign rocks, wholly marine: no trace of a 
terrestrial or fresh-water species of plant or animal has 
been found. 
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The plants were sea-weeds alone. 

All the sub-kingdome of animals were represented, with the 
exception of the Vertebrates. Among Radiates there were Corals 
and Crinoids; among jtfoiiws As, representatives of all the 
several orders; among Articulates^ the water-divisions, 
Worms and Cnistaceane. 

1. Sadiates. — Fig. 139 represents one of the Corals. Its 
shape is that of a curved cone, a little like a short horn, the 
small end being the lower. At top, when perfect, there is 
a cavity divided off by plates radiating from the centre. 
Such corals are called Cyalhophylloid corals, from the Greek 
kuathos, cup, and phullon, leaf, alluding to the cup full of 
radiating leaves or plates. When living, the coral occupied 
the interior of an animal similar to that represented in fig, 
94 or 95. 

Another kind of coral, of a hemispherical form, and mado 
np of very fine columns, is represented in figs. 340, 141, the 
latter showing the interior appearance. It is called Chcetetes 
Lycoperdon. Another, of coarser columns, — each nearly a 
sixth of an inch in diameter ,^is called the Columnaria alveo- 
lata. In a transverse section the columns are divided off by 
horizontal partitions. Masses of this coral have been found 
which weigh each between two and three thousand pounds. 

Fig. 142 shows the form of one of the Crinoids, though 
the stem on which it stood is mostly wanting, and the arms 
are not entire. The mouth was in the centre above, and the 
animal was like a star-fish with branching arms, turned 
bottom-upward, and standing on a jointed stem. There 
were also true star-fishes in the seas. 

2. Mollusks. — Among MoUushs, Bryozoans were verj- com- 
mon : the fossils are small cellular corals : ono is shown in 
fig. 143, and a portion, enlarged, in fig. 144. Brachiopods 
were still more characteristic of the period* and occur in 
vast numbers. Fig. 145 is 0. testudinaria ; fig. 146, 0. occi- 
dentalis; fig. 147, Leptana sericea. There were also some 
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Conchifere, as fig. 148, Avicula? Trentonensis ; and some 
Gasteropoda, as fig. 149, Fleurotomaria knticularis. Sheila 
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of Cephalopoda were especially common under the form of 
u straight or curved horn with transverBe partitions. Fig. 
150, Orthoceras junceum, represents a small species. One 
kind had a shell 12 or 15 feet long and nearly a foot in 
diameter. The word Orthoceras is from the Greek ortfios, 
straight, and Aeras, horn. 

There were Bome species also of the genus Nautilus. 

3. Articulates. — Fig. 1 51 representa one of the large Trilo- 
liites of the Trenton rocks, the Asafhus gigas, — a species 
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sometimes found a foot long. Another Trilobite is the Caiy- 
mene Slumenbachii, of Europe, represented in fig. 73, p. 54, 
very similar'to the C. senaria of the American rocks. 

While Trilobites appear to have been the largest and 
bigheBt life of the Primordial seas, Cephalopods, of the 
Orthoceras family, far exceeded Trilobites in both respects 
in the Trenton period. The larger kinds must have been 
powerftil animals to have borne and wielded a shell 12 
or 15 feet long. Although clumsy compared vrith the fishes 
of a later age, tbey emulated the largest of fishes in size, and 
no doubt also in their voracious habits. Crustaceans, in their 
highest divisions, as the Crabs, may perhaps be regarded 
by some as of superior rank to Cephalopods. But Trilobites, 
of the inferior division of Crustaceans, without proper 
legs, living a sluggish life in slow movement over the sands 
or through the shallovr waters, or skulking in holes, or 
attached like limpets to the rocks, were far inferior species 
to the Cephalopods. 

3. General Obserratunu. 

1. Geography. — The wide continental region covered in 
the Trenton period by the Trenton limestone formation 
stretching over the Appalachian region on the east, and 
widely through the Interior basin, must have been through- 
out a clear sea, densely populated over its bottom with 
Brachiopods, Corals, Crinoids, Trilobites, and the other life 
of the era. It may, however, have been a shallow sea ; for 
the corals and beautiful shells of coral reefs live mostly 
within 100 feet of the surface. 

Daring the next, or Hudson period, the game seas, espe- 
cially on the north, became less free from sediment, through 
some change of level or of co^t-barriers, and consequently 
much of the former life disappeared, and other kinds sup- 
plied their places, adapted to impure waters or to muddy 
bottoms. 
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2. SutarbanMB doling the Lovar Silniian, and at iti Clou. — 

(1.) Igneous Sections in the Lake Superior district. — Before 
the close of the Primordial period there were exteneive 
igneous ejections through A'acturee of the earth's crust 
in the vicinity of Lake Superior, aboat Keweenaw Point 
and elsewhere, and probably to some extent also over 
the bottom or area of the lake itself, for this is indi- 
cated hy the dikes and columnar trap of Isle Itoyale, an 
island in the lahi*. These rocks, which were melted when 
ejected, now stand, in many places, in bold bluffs and ridges ; 
and mixtures of scoria and sand make np some of the con- 
glomerate beds of the region. The sandstones, penetrated 
by the dikes of trap, and made partly before and partly after 
the ejection, have a thickness in some places of six or eight 
thousand feet. There appears to have been a sinking of the 
region equal to the thickness of the beds, in addition to the 
igneous ejections. The great veins of native copper of the 
Lake Superior region are part of the results of this period 
of disturbance. 

(2.) Emergence of the region of the Green Mountains. — The 
changes from deep to shallow seas, or partly emerged flats, 
during the Silurian era, are evidence that changes of level, 
by gentle movements or oscillations in the earth's cruet, 
were going on throughout it. But after the Lower Silurian 
had closed, or toward its close, there appear to have been 
greater and more permanent changes. The valley of Lake 
Champlain and the Hudson, as shown by Logan, probably 
dates fV«m this time. The Green Mountains, though not 
raised to their full height, then became stable dry land, like 
the Azoic regions on the map, p. 73. That they were not 
dry land before, is shown by the Trenton limestones in their 
stmcture, for these are of marine origin ; and that their 
vestem side and summit were above the water fi-ora and 
after this time, is indicated by the foct that the formations 
of the Middle Silurian are the latest that were there formed. 
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Upper Silurian and Devonian rocks exist over New Eng- 
land on the east, and over much of the State of New York 
on the west (see map, p. 71), but not about the top or 
western side of this range. 

The Green Mountains appear, therefore, to, have been the 
portion of the great Appalacliian chain which first became 
stable land. 

The vast thickness of the several Lower Silurian forma- 
tions along the course of the Appalachian chain, as men- 
tioned on pages 80, 86, and the contrast in this respect with 
the Interior Continental region, are indications that prepa- 
ration was making throughout the Appalachian region which 
were to result ultimately in mountains : the raising of part 
of the Green Mountains above the sea-level, though it may 
have been but to a very small height, was the commence- 
ment of the elevation of the Appalachian chain. 

3. Life. — (1.) Progress. — There is no evidence that the 
system of life in its progress during the Primordial and 
Middle Silurian had so far advanced as to include a terres- 
trial species, or the lowest of Vertebrates. Trilobites held 
the first position in the former of these eras, Orthocerata 
and other Cephalopoda in the latter. 

It was the Age of MoUvsks; and while Cephalopods took 
the lead in the life of the world, all the other orders of Mol- 
liiaks had their representatives. No other sub-kingdom was 
as well displayed in its several grand divisions, not even that 
of the Kadiates. Among Articulates, there were neither 
Myriapods, Spiders, nor Insects; for these are essentially 
terrestrial animals, and the first species of them thus far 
discovered are of the Devonian age. 

(2.) Extermirmtions and Creatiojis. — Among the gmera of 
the Lower Silurian, only five have living species. These 
are Linguta, Biscina, Jihynchonella, and Crania among 
Brachiopoda, and Navtilua among Cephalopods. These 
genera of long lineage thus reach through all time from 
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the beginning of the syBtems of life. All other genera 
disappear, — some at tlie close of the Primordial, others at 
that of the Trenton or Hudson period, or even at the 
termination of subordinate epochs within these periods. 

The extermiuatioD of species took place at intervals 
through the periods, as well as at their close ; though the 
latter were most universal. With the changes from one 
stratum to another there were disappearances of some 
species, and with the changes from one formation to 
another, still larger proportions became extinct. No Prim- 
ordial flpeeies are known to occur in the TrcDton period; 
very few of the species of the earlier epoch of the Trenton 
survive into the next epoch ; and very many of those of the 
Trenton did not exist in the Hudson period. Thus life and 
death were in progress together, species being removed, and 
other species being created, as time moved on. 

In the first chapter of Genesis we read that on the fifth 
day the waters brought forth abundantly the moving creature 
that hath life; and the rocks declare most decisively that 
.the waters were filled with life when the Silurian age 
opened, — although but the earlier species of the life of that 
fifth day. ■ The eyes of the Trilobites have been referred to 
as evidence of sunshine and clear skies in that early em. 
The existence of so much animal life is itself aa good proof 
of the fact ; for without the sun the systems of life could 
not have had even the display thoy presented In the Primor- 
dial period. It ia clear, therefore, that although the first 
vegetation may have existed in Azoic time, while the seas 
were unduly warm and while, therefore, the earth was 
densely shrouded in clouds, as the Zoic ages began the 
clouds were already broken, and the earth had completed its 
garniture of sky and '• greater and lesser lights." 
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. UPPER SILURIAN ERA. 

L SnbdiTisioiiB. 



The Upper Silurian in Iforth America includes three 
periods : the Niaoaba, the Salina, and the Low£B Helder- 
BERQ. The name of the first is from the Niagara River, 
along which the rocks are displayed; that of the second, 
from Salina in central New York, the beds being the aalt- 
bearing rocks of that part of the State ; that of the third, 
fi-om the Helderberg Mountains, south of Albanj, where 
the lower rocks are of this period. 

2. Kooks: kinds and distribntum. 

The rocks of the Niagara period are— 1, a conglomerate 
and grit-rock called the Oneida conglomerate, which extends 
from central New York southward along the Appalachian 
region, having a thickness of 700 feet in some parte of 
Pennsylvania; 2, shaly sandstones of the Medina group, 
which spread westward from central New York through 
Michigan, and also southward along the Appalachian region, 
being 1500 feet thick in Pennsylvania; 3, hard sandstones, 
or flags and shales of the Clinton group, having nearly the 
same distribution as the Medina formation, though a little 
more widely spread in the west, and about 2000 feet thick 
in Pennsylvania; 4, the Niagara group, occurring in western 
New York, and extending widely over both the Appalachian 
and Interior Continental regions ; it consists of shales below 
and thick limestone above at Niagara, mainly of limestone 
in the Interior region, and of clayey sandstone or shales in 
the Appalachian region, where it has a thickness of 1500 
feet or more. The Niagara is one of the great limestone 
formations of the continent, existing also in the Arctic 
regions. 

Ripple-marks and mud-cracks are very common in the 
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Medina formation. The example of rill-marks figured on 
page 32 la from ite strata in western Xew York. 

The Salina rocks are IVagile clayey sandstones, marlites, 
and shales, usually reddish in color, and including a little 
limestone. They occur in New York and sparingly to the 
westward, being thickest (700 to 1000 feet thick) in Onon- 
daga county, N.Y. 

The salt of Salina and Syracuse, in central IJew York, is 
obtained frOm wells of salt water 150 to 310 feet deep, which 
are borings into these saliferous rocks. 35 to 45 gallons of 
the water afford a bushel of salt, while of sea-water it takes 
35D gallons for the same amount. K^o salt is found in solid 
masses. Gypsum is common in some of the beds. A lime- 
stone called the Guelph formation overlies the Niagara beds 
at Guelph and in some other parts of western Canada. 

The Lower Selderberg group consists mainly of limestones, 
and is the second limestone formation of the Upper Silurian. 
But the rock is generally impure or earthy, and the forma- 
tion is mostly confined to the State of New York and to the 
Appalachian region on the south. 

The section, fig. 152, represents the rocks on the Niagara 
River at and below the Falls. The falls are at F; the whirl- 
pool, 3 miles below, at W ; and the Lcwiston Heights, which 
front Lake Ontario, at L. Nos. 1, 2, 3, 4 arc different sand- 
Fig. IbZ. 



Btone strata belonging to the Medina group; 5, shale, and 
6, limestone, to the Clinton group; 7. shale, and 8, lime- 
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BtoDC, to tho Niagara group. (Hall.) The next section (fig. 
153), ft'om the region south of the eastern part of Lalte 
Ontario, consists as follows :—b b, Medina gronp, 5 c, Clinton 

Fig, 153. 
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group, bd, Niagara group (shale and limestone), 6, Salina 
beds. (Hall.) 

In Great Britain, the "Upper Silurian rocks are first sand. 
stones and shales, called, when occurring in South Wales, 
Llandovery beds, and corresponding to the Medina and Clin- 
ton groups; above these, the Wenlock limestone group, con- 
sisting of limestone and some shale (and including in the 
upper portion the Dudley limestone). These rocks occur as 
surface-rocks near the borders of Wales and England. Next 
comes the Imdlow group, of the age of the Lower Helder- 
berg, and perhaps also of the first part of the American 
Devonian. 

In Scandinavia, the Gothland limestone ia the equivalent 
of the Niagara. 

3. Life. 

The limestone Strata and most of the other beds of the 
Niagara group are full of fossils; so also are the rocks 
of the Lower Helderberg period, and the Wenlock and 
Ludlow formations of Great Britain. The Salina formation 
is almost wholly destitute of them. 

The life of tlie era was the same in general features as 
that of the later half of the Lower Silurian. It was wholly 
marine. 

The only plants were Algce, or sea-weeds. 

In the Animal Kingdom the sub-kingdom of Radiates was 
represented by Corals and Crinoids; that of MoUusks, by 
species of all the grand divisions, among which the Brachio- 
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pod and Ortboceraa tribes were the most prominent, and 
especially the Brachiopod, whose shells far outnumber those 




of all other Mollusks; that ot Articulates, by Worms, Ostra- 
coids, and Trilobitea ; and before the close of the era, by the 
new ibrm of Crustaceans rcprosontcd in fig. 174. 
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1. Radiates. — Fig. 154 is a polyp-coral of the Cyathopkyl- 
loid tribe, ehowing the radiating plates of the interior; fig. 
155, a apecica otFavosites, a genus in which the corals have 
a columnar atnicture, and horizontal partitions subdivide 

Figs. 16T-1TS. 
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the cells within; fig. 156, Halyaites catenulatus, called chain- 
coral; fig. 157, a Crinoid, Caryoerinus ornatus, the arms at 
the summit broken off; flg. 89, p. 67, another Crinoid of the 
family of Cystideans, from the Niagara group ; fig. 87, p. 57, 
a star-flsh, also from the Niagara group. 

2. MoUusks.—Y\g». 158 to 162, different Braehiopods of 
the Niagara period ; figs. 1C7 to 171, other species charac- 
teristic of the Lower Ilelderberg period; figa. 164, 165, 
fiasteropods of the Niagara period; fig. 172, small slender 
tubular cones, called Tentacvlites, almost making up the 
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mass of some layers in the Lower Helderberg ; the form of 
one of them, enlarged, is shown in fig. 173. 

3. Articulates. — Fig. 166, a reduced figure of a common Tri- 
lobite of the Niagara group, a species of Homaionotvs, often 
having a length of 8 or 10 inches; fig, 174, Euryptervs 
remipes, of a new family of Crustaceaos, commencing in the 
Lower Helderberg; it is sometimes nearly a foot long; 
species of the same family occur in Great Britain in the 
Ludlow beds, and one of them la supposed, from the frag- 
ments found, to have been 6 or 8 feet long, far surpassing 
any Crustacean now living; fig. 175, an Ostracoid Crusta- 
cean, the Li^erditia dlta, of unneually large size for the 
family, modem Ostracoids seldom exceeding a twelfth of 
an inch in length. 

In the Upper Ludlow beds of Great Britain a few remains 
of land-plants and of fishes have been found. But, from the 
similarity of many fossils of the upper part of the Ludlow 
beds to those of the Upper Helderberg, it is probable that 
these Upper Ludlow beds, if referred to the American sya- 
tem of subdivisions, would rank as Devonian. 

i. General Obierrationa. 

I. Geography. — On the map, p. 69, the areas over which 
the Silurian formations are surface-rocks are distinguished 
by being horizontally lined. It is observed that they spread 
southward from the northern Azoic, 

South of the Silurian area commences the Devonian, 
which is vertically lined; and the limit between them shows 
approximately the course of the sea-shore at the close of the 
Silurian age. It Is seen that more than half of New York, 
and nearly all of Canada and Wisconsin, had by that time 
become part of the dry land; but a broad bay covered the 
Michigan region to the northern point of Lake Michigan, 
for here Devonian rocks, and to some extent Carboniferous, 
were afterwards formed. The Azoic dry land, the back- 
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bone of the contioent, had also received additions in a Bimi- 
lar manner on its eastern and western sides, through British 
America.* 

But, with all the increase, the iimount of dry land in North 
America was etill small. Europe is proved by eimilar evi- 
dence to have had much undry land. The surface of the 
earth was a surface of great waters, with the continents 
only in embryo, — one large area and some islands represent- 
ing that of North America, and an archipelago that of 
Europe. The emerged land, moreover, was most extensive 
in the higher latitudes. The rivers of a world so small in 
its lands must also have been small. The lands, too, accord- 
ing to present evidence, were barren, except perhaps during 
the closing part of the age. 

The succession of Upper Silurian formations is as fol- 
lows: — (1) The coarse grit called Oneida conglomerate, 
occurring of great thickness along the Appalachian region, 
and reaching north to central New York; (2) the Medina 
sandstone, also very thick along the Appalachian region, 
and extending northward to central ^ew York, and, besides, 
spreading westward beyond the limits of that State ; (3) the 
Clinton group of flags and shales, having the same Appala- 
chian extension and great thickness, but spreading on the 
north much farther westward, even to the Mississippi; 

(4) the Niagara group, covering the Appalachian region 
deeply with sandstone and shales, and New York with shales 
and limestones, and spreading as a great limestone forma- 
tion through the larger part of the Interior region ; then 

(5) the limited Salina salt-bearing marlites of New York, 

• Od the map nfemd to, page 69, lines of the Silarian aai Devauiaa are 
<oon to extend trom the Hadeoii Rirer eeuthiteetwaril along the Appalubiau 
region. But the outorop of the Saarian, here repraocnted, ij not evidenee Ihtt 
then -tan b. strip of dr; land along this region from the oloee of the Silurian 
era, beoauee there le proof thet these Appalachiui outorops are a conseqmnoe of 
the vplifl of ths Appalaohian Monntuni, an crcnt of mooh later date. (p. U9.) 
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and the Appalachian region Bonthwest, with some cotempo- 
raneoue limestonea in Canada ; tbon (6) another limestone, 
but impure and mostly confined to New York State and the 
Appalachian region. These facts teach that geographical 
changes took place irom time to time, in the course of the 
era, corresponding to these several changes in the forma- 
tions. The clear continental seas of the Trenton period 
were succeeded by conditions fitted to prodnce the several 
arenaceous and argillaceous formations, of varying limits, 
which followed; and then they were again in existence at 
the epoch of the Niagara group, when corals, crinoids, and 
shells covered the bottom of the continental sea and made 
the Niagara limestone formations. Bnt the pure continental 
Boas in the Niagara epoch were less extended than those of 
the Trenton; for the Appalachian region, instead of being 
part of the pure sea and making limestones, 'was receiving 
great depositions of sand and clay, as if it were at the time 
a broad reef, or bank, bordering the Atlantic Ocean. 

The Niagara epoch of limestone-making was followed by 
the Salina or Saliferous period. As the beds are (1) clays 
and clayey sands, (2) are almost wholly without fossils, 
and (3) afford salt, it may be inferred that central New 
7ork was at the time a great salt marsh, mostly shut off 
from the sea. Over such an area the waters would at times 
have become too salt to support life, owing to partial evapor- 
ation under the hot sun, and too fresh at other times, from 
the rains. Moreover, muddy deposits would have been 
formed; for they are now common in salt marshes wherever 
there is, as there was then, no covering of vegetation, and 
the salt waters would naturally have yielded salt on evapor- 
ation in the drier seasons. Through an occasional ingress 
of the sea, the salt waters might have been re-supplied for 
further evaporation. 

There is direct testimony as to the condition of the land 
and shallowness of the waters in the regions wher« many 
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of tLc rocks were in progresa; for ripple-marke and mud- 
cracks are common in some layers, and are positive evidence 
that tbe sands and eartli that are now the solid rock were 
then the loose sands of beaches, sand-flats, or sea-bottoniB, or 
the mud of a salt marsh. Such little markings, therefore, 
remove all doubt as to the condition of central Kew York 
in the Salina period. 

Similar markings indicate, also, the precise condition of 
the region of the Medina sandstone, showing that there were 
sand-flats, sea-beaches, and mnddy bottoms open to tho 
inflowing sea. Where the rill-marks were made (fig. 19, p. 
82) the sandsof the spot were those of a gently sloping flat 
or beach ; the waters swept lightly over the sands, dropping 
here and there a stray shell (as the Lingula cuneata) or a 
pebble, which became partly buried; and then, as thoy 
retreated, they made a tiny plunge over the little obstacle 
and furrowed ont the loose sand below it. The firmness of 
the sand, lightness of the shells, and smallness of the far- 
rows are proof that the movements were light. 

The great thickness of the several formations of the Upper 
Silurian along tbe Appalachian region leads to many inte- 
resting conclusions. It has been stated (p. 92) that the 
Appalachian formations of the earlier Silurian were equally 
remarkable for their great thickness. The Appalachian 
region, from the Primordial era onward, was, hence, in strong 
contrast with the Interior Continental region, where the 
series of cotemporaneoue beds are hardly one-tenth as thick. 
Taking this into connection with another fact, that very 
many of the strata among the thousands of feet of Silurian 
formations in the Appalachian region contain those evidences 
of shallow water and mud-flat or sand-fiat origin above ex- 
plained, there is full proof that in the Silurian era the region 
was for the most part, as already suggested, a vast sand- 
reef, ever increasing by new accumulatious under the action 
of tho.waves and currents of the ocean- It was much of 
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tho time a great barrior-reef lying between the open ocean 
and the Interior Continental setij and under its lee, this 
inner sea, opening southward through the area of the Mexi- 
can ttttif, was often in the beat condition for the growth of 
ibe BhcUa, corals, and crinoids of which the great litacBtonea 
were made. 

While the Appalachian region was alike in its general 
condition through the earlier and later Silurian, the limits 
of the formations in progress during these two eras wero 
somewhat different. The Green Mountain portions of the 
region took no part in the new depositions during the Upper 
Silurian era. The fact stated on page 91, that it had become 
part of the comparatively stable and emerged portion of the 
continent, is thus proved ; for if it had been under water, 
some Upper Silurian beds would have been formed about its 
western or central portions. The part of the Appalachian 
region which participated, during the Upper Silurian era, in 
the great changes connected with the formation of rocks, 
extended northward from Pennsylvania into New York, and 
not along the Green Mountains; the rocks in the State of 
New York have great thickness for some distance beyond 
the Pennsylvania border, but thin out about the centre. 

2. Lifa. — In the Upper Silurian the highest species of the 
seas and of the world continued to be Mollusks, of the order 
of Cephalopods. At tho same time, Trilobites were the first 
of Articulates, and eea-weeds the highest of plants.* Corals 
and Crinoids were the only species of life that hud the sem- 
blance of flowers. These flower-animals foresliadowed the 
flowers of the vegetable kingdom for ages before any of the 
latter existed. 

There had been, however, considerable progress in the 
unfolding of the system of life, through the creation of new 
apecies and tho introduction of new genera and families, 

* Ths onl7 eiBSptlDns to this remark ytt knovn are allailed to on pace iS. 
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eotemporaneously ■with the extinction of the older forms, 
lo the Lower Silurian era at least 1000 species of animals 
became extinct in America, and 600 in Great Britain j and 
in the Upper Silurian 800, or more, in America. The kind 
of progroBB which was exhibited is explained on a future 
page. 



n. AGE OF FISHES, OH DEVONIAN AGE. 

L Snbdivuion. 

The Devonian Age may bo divided into two eras, — an 
earlier and a later, — or that of the lower and that of the upper 
formations. The earlier includes the periods Oriskany and 
CoRNiFEKous ; tho later, the Hamilton, Chemunq, and Cats- 
kill. The Oriskany period might with almost equal pro- 
priety be annexed to the Upper Silurian. The distinction 
of the Gatskill from the Chemung is questioned. 

2. Rocks: kinds and dlstribntiotL 

1. Earlier and Later eras. — The earlier Devonian is remark- 
able for a great limestone formation, which spread from 
New York over a large paM of tho Interior region, and 
nearly equalled the Trenton in extent; while tho later has 
almost no limestones, the rocks being sandstones and shales 
with some conglomerates. 

2. Oriskany Period. — The first of the formations, the Oris- 
kany sandstone, is a rough-looking, earthy rock. It extends 
along the Appalachian region, and northward in New York 
to the vicinity of Oriskany, A rock of the same age occurs 
also in the Eastern border region in Maine and Nova Scotia. 
To this succeeds the — 

3. ComiferoiiS Period. — Its lowest rocks are fragmental 
beds, called the Cauda-GalU grit and the Schoharie grit, 
having their distribution along the Appalachian region, 
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commencing in central and eastern New York and extend- 
ing south westward. 

Kext follows the great Cortiiferous limestone, the lower 
part of which is Bometimos called the Onondaga limestone, 
and the whole often the Upper Hdderberg group. It stretches 
from eastern New York westward to the States beyond the 
Mississippi. 

The name Corniferous (derived from the Latin cornu,Aor«) 
was given it by Eaton, from its frequently containing a kind 
of flint called hornatone. 

This bornstone differs iVom trtte flint in being less tough, 
or more splintery in tVacture, though it is like it in hardness 
and in consisting wholly of silica. 

The limestone is literally an ancient coral reef. It con- 
tains corals in vast numbers and of great variety ; and in 
some places, as near Louisville, Kentucky, at the Falls on 
the Ohio, the resemblance to a nAdern reef is perfect. Some 
of the coral masses at that place arc 6 or 8 feet in diameter; 
and single polyps of the Cyathopbylloid corals bad in some 
species a diameter of 2 and 3 inches, and in one, of 6 or 7 
inches. 

The eamo reef-rock occurs near Lake Memphrcmagog on 
the borders of Vermont and Canada; but the corals have 
there been partly obliterated by metamorpliisra. The lime- 
Btono occurs among motamorphic schists, a talcose schist 
overlying it, according to Hitchcock. The crystalline rocks 
extending south through Vermont into Massachusetts, and 
the granites and gneiss of the White Mountains, are supposed 
to bo altered Devonian sandstones and shales. 

4. Hamilton Period. — The Hamilton formation consists of 
sandstones and shales, with a few thin layers of limestone. 
It consists of three parts, corresponding to thi^e epochs : 
the lower part is called the Marcellus shale; the middle, the 
Hamilton beds; and the upper, the Genesee shale. It has 
its greatest thickness along the Appalachians. From New 
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York it spreads westward, and, in the form of what is 
called black slate, more properly a black shale (supposed to 
be of the epoch of tlie Marcellus shale), it is widely known 
through the Interior Continental region. 

The Hamilton beds atford an excellent flaggiag-stone in 
central New York and on the Hudson Eiver, which is ex- 
tensively quarried and exported to other States. 

5. Chemung Period. — The Chemung beds are mainly sand- 
stones, or shaly sandstones, with some conglomerate. They 
opread over a large part of southern New York, having 
great thickness in the Catskill Mountains. 

The formation along the Appalachians is 5000 feet thick. 
It thins out to the west of New York, in Ohio, and Michigan. 

In the following section, taken on a north-and-sonth line 
south of Lakki Ontario, No. 6 represents the beds of the 
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Saiina period; overlaid by 7, the Lower Helderberg lime- 
stone; 9, the Corniferoas, or Upper Helderberg limestone; 
10, a, b, c, the Hamilton beds; and 11, the Chemung group. 

6. Catskill Period.— The Catskill rocks of New York have 
been considered as pertaining to a OitMiVJ period; but recent 
observations have shown that they are part of the Chemung 
formation. It is not yet known that the same is true of the 
sandstones and shales of Pennsylvania, referred to the Cats- 
kill period, which are stated to have a thickness of 6000 feet. 

In Great Britain, the Devonian rocks have been called 
the Old Red Sandstone, the prevailing rock in Wales and 
Scotland being a red sandstone. This sandstone formation, 
however, includes marls of red and other colors, and some 
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limestone. The distribution in Groat Britain is shown on 
the map, p. 120. In Germany, in the lihonish provinces, there 
is a coral limestone very Bimilar to that of Sorth America. 

3. Lift. 

1. Geneml characteristics. 
The Devonian of North America, as far as now known, is 
the era of the first of terrestrial plants, the first of Insects or 
terrestrial Articulates, and the first, also, of Vertebrates. These 
early Vertebrates were J'tsAe*, — the species that belong to the 
water. 

2. Plants. 
Pigs. 177—179 represent portions of some of the plants. 
Fig. 179 is a fragment of a/ern, and figs. 177, 178, portions 
Fig.. 177-179. 179 



Ifae Hamilton Enmp', ITS, SIgllluJa, 
m Uie ChuDUiig gnJnp. 

of the trees, of the age. The scars or prominences over the 
surface are the bases of the fallen leaves : a dried branch of 
a Norway spruce, stripped of its leaves, looks closely like 
fig. 178. By referring to page 60, it will there be seen that 
among the Cryptogams there is one order, the highest, or 
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that o{ Acrogens, in which the plants have upward growth 
like ordinary trees, aad the tisauea are partly vascular : it ia 
the ono containing the Ferns, Lyc&podia, and Equiseta. The 
most ancient of land plants belong, to a great extent, to 
this order, — the highest of Cri/ptogams. Another portion are 
related to the lowest order oi flower-bearing plants, or Pkeno- 
garns, called Oymnosperms (see p. 61). 

The groups represented under these divisions are the 
following: — 

I. Floweelebs 1'laktb, or Cetptogams, Order of Acbo- 

QENB. 

1, Fern tribe. — The species have a general resemblance to 
the ferns or brakes of the present time. 

2, Lycopodium tribe, or that of the Ground-pine. — The ex- 
isting plants of this tribe are slender specios, seldom over 4 
or 5 feet high: some of the ancient were of the size of forest- 
trees. These ancient species belong mostly to the JJepido- 
dendron family, In which the scars are contignons and are 
arranged in quincunx order, — that is, alternate in adjoining 
rows, — as shown in fig. 177. The Ground-pine of our woods, 
although flowerless like the fern, has leaves very similar to 
those of the spruce or cedar (Conifers) ; and this type of 
plants is intermediate in some respects between the Acro- 
gens and Gymnosperms (Conifers). 

3, Equisetum tribe. — The Equiseta of modern wet woods 
are slender, hollow, jointed rnsbes, called sometimes scouring- 
ntshes. They often have a circle of slender leaf-like append- 
ages at each joint. 

The Calamites, or tree-rushes, are peculiar to the ancient 
world, none having existed since the Mesozoic. They bad 
jointed striated stems like the Equiseta, and otherwise 
resembled them. But they were often a score of feet or 
more in height, and sometimes 6 inches in diameter. Some 
of them had hollow stems like the Equiseta; others had the 
interior of the stems woody, and those were intermediate in 
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some respects between the Equiaeta and the Gymnosperme. 
Fig. 225, under the Carboniierous age, represents a portion 
of one of these plants. 

II. Flowerino Plants, or Phenooams, of the Order of 
Gymnosperhs. 

1. Conifers. — The species are related to the common pines 
and spruces, or more nearly to the Araucarian pines of 
Aastralia and South America. The foesils are merely por- 
tions of the trunk or branches. It has been suggested by 
Mr. Lesquereux that all the specimens belong to the follow- 
ing tribe ; — 

2. Sigillarids. — The SiglllariK were trees of moderate 
height, with stout, sparingly-branched trunks, bearing long 
linear leaves much like those of the Lepidodendra. The 
scars on the exterior are mostly in parallel vertical lines, as 
in fig. 178 and fig. 222, p. 127, and not in quincunx order, 
like those of the Lepidodendra. 

The earliest fossil land-plants thus far found in the United 
States occur in the Hamilton formation. Whether they 
occur lower than this, or in earlier Devonian, in Canada 
and New Brunswick, is not certain. 

Conifers, Ferns, and Lepidodendra have also been reported 
&om some of the Devonian beds of Britain and Europe. The 
earliest remains found in Great Britain occur in the lowest 
Devonian, and also in the Upper Ludlow beds (p. 99). 

The homstone develops, under the microscope, the fact 
that it was probably made from the siliceous remains of 
plants and animals. Figs. 180 to 194 represent some of the 
speciea which have been detected by Dr. M. C. White in 
specimens from New York and elsewhere. Figs. 180 to 186 
are microscopic plants, related to the Desmids; fig. 187 is 
another kind, called a Diatom, a kind which forms siliceous 
shells, and which is probably one of the sources of the 
silica of which the hornstone was made (See, on Diatoms 
and Desmids, p. 61.) Figs. 188, 189 are spicules of Sponges, 
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aUo siliceous, and another of the Bources of the silica. Figs. 
190-192 are probably also sponge -spicules. Figs. 193, 194 arc 
iragmenls of the teeth of some Gasteropod Motlusk. The 
iast is from a hornstone of the Trenton period (Silurian) 
which was found to afford the same evidences of organic 
origin- 

3. Animals. 

The early Devonian was the coral period of the ancient 
world. In no age before or since, not even the present, have 
coral reefs of greater extent been formed. 

Among Molluska, Brachiopods were still the prevailing 
kinds, though ordinary Bivalves or Conehifers, and Uni- 

Figs. ISD-IM. 

MIcrosMplc Orgnnlipm torn (he Honutone. 

valves or Gasteropoda, were more abundant than in the 
Silurian. A now type of Cephalopods commenced in the 
Middle Devonian. Hitherto, the partitions or septa in the 
shells, straight or coiled, were flat or simply concave; but 
in the new genus Goniatites, the margin of the plate has one 
or more deep angles, one of the angles being at the middle 
of the back of the shell. The name is from the Greek gonu, 
knee or angle. 

Among Articulates, there were Worms and Crustaceans 
as in earlier time, and the most common Crustaceans were 
Trilobites. Besides these there were the first of Insects, the 
wings of some species having been reported from the Devo- 
nian of liTew Brunswick. 
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1. Radiates. — Fig. 195, one of the Cyathophylloid corals, 
Zaphrentis Baflnesquii; fig. 196, another, Cyaikophyllum rugo- 
sum, both from the Falls of the Ohio, and the latter forming 
very large masses. Fig. 197 ia a top view of the cells in 
fig. 196. Fig. 200, a Favosites from the same locality, showing 
well the columnar structure characterizing the genus : the 
species F. Goldfussi occurs both in America and Europe. 
Figs. 198 and 199 are small corals from Canada West. 

2. MoUusks.—F\gQ. 201 to 203, Braehiopoda from the 
Hamilton beds; figs. 204, 205, Concbifers, from the same; 
fig. 206, Goniatites Marcetlensis, ib. ; fig. 207, a view of the 
back, showing the angles in the partitions, this species hav- 
ing only one angle or re-entering lobe. 

3. Articulates.— Fig. 208, the Trilobite Phacops Sufo. 

i. Vertebrates. — The fishes of the Devonian belong to two 
orders : the Ganoid and the Selachian (see p. 51). Some of 
the Ganoids are represented in figs. 210 to 216. The fishes 
of this order are related in several points to Reptiles. Unlike 
ordinary fishes (or the TeJiosts) — (I) they have the power 
of moving the head up and down at the articulation between 
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the head and the body, the articolatioD being made by means 
of a convex and concave surfaee ; (2) the air-bladder, which 



Houvsu.— Fig. 3)1, AtCTpsupen: sn, Bplrim- mncraniitin ; W3, CbonetH Htlgen ; SH, 

all rWim tUe Homiltun group, Akticuiatu : Fig. 20S, FtaAcopa Sato, Ottm th« UudIIIod 
group. 

answers to the lang of higher animals, haa a cellular or 
lang-like structure, thus approximating to air-breathing 
species; (3) the teeth have in general a structure like that 
of some early Reptiles. Fig. 210 is a reduced view of a Ganoid 
with large plates over the body, like a Turtle : moreover, it 
moved by means of paddles instead of its tail, the principal 
organ of motion in most Fishes, and in this, also, it resembles 
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Turtles. It is the Pterichthys of AgasBiz, a name signifying 
winged fish. There ie another plate-covered kind, one genua 
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of which is named Coccosteus, which wants the paddleR, and 
Bcniled itself along with the tail, like most FiKhes. Fig. 211 
represents a different type of Ganoid, the Cephalaspis, having 
a fiat and broad plate-covered head, with rhombic scales 
over the body: figs, 212 show the forms of some of the 
Rcales. Fig. 215 is anotlier, a species of Jh'ptenis, covered 
with rhombic scales, put on, as in the preceding, much as 
tiles are arranged on a roof: fig. 216 is one of the scales, 
natural size. Fig. 213 is another type of Ganoids, having 
the scales rounded and set on more like shingles; itia&Holo- 
ptychiua.- fig.214 reprcHentsascale, natural size. These figures 
are all much reduced. Scales of a Holoptychius have been found 
in Chemung beds which were over an inch and a half broad, 
indicating the existence of fi.'ihes of great size. 
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The Selachians, or species of the shark tribe, belong to the 
family of Cestracionts (p. 52), or that in which the mouth 



has a pavement of broad bony pieces for grinding. The 
food in the seas for these carnivoroas Fishes consisted mainly 
of shell-fisb and mail-clad Ganoids ; and grinders were, there- 
fore, better suited for the times than cutting teeth. Many 
of these Cestraciont sharks were of very large size. Fig. 
209 represents a fin-spine of one, drawn two-thirds its actual 
size, found in the Corn iferona bedsof the State of New York. 
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The remains of Pinhea in the rocks are niimerons after tho 
first appearance of them. 

4. Geural Obiervatioiu. 

1. GeogrBphy.— During tho Silurian tliere had been a gra- 
dual gain of dry land on the north, extending the Azoic con- 
tinent (p. 73) southward. This gain continued through the 
Devonian, so that the beds of tho next age, tho Carbon- 
iferous, extend only a short distance north of the southern 
boundary of New York. The sea-shore was thus being set 
farther and farther southward with the progressing periods. 

The formations have their greatest thickness along the 
Appalachian region, as in the Silurian Age. And both this 
fact and their successions lead to similar general conclu- 
sions to those stated on page 102. 

2. life. — The great feature of the Devonian age is the 
introduction of the first of terrestrial plants, the first of ter- 
restrial animals (Insects), and the first of Vertebrates. It 
is possible that future discovery may throw farther back in 
time the commencement of these types. However this max 
be, whenever the first land>plant appeared, it was an epoch 
of great progress in the system of life on the earth. It was 
a change from the leafless Sea-weed to Ferns, Lepidodendra, 
and Pines,— from a bare and lifeless world above tide-level 
to one of forest-clad bills. 

This step of progress from Sea-weeds to Ferns, Lycopo- 
dia, and Pines was not made by a gradual working upward 
through Mosses and other low forms of Cryptogams. On 
the contrary, no Mosses, although many are true marsh- 
species, appear to have been in existence until long after the 
close of the Carboniferous age. It was a sudden- advance 
from the lowest to the highest of Cryptogams. 

In the same manner, with regard to Fishes, the earliest 
species belong to the two highest groups of the class, — tho 
Sharks and Ganoids; and both are above the level of the 
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fiah, — the Ganoids being partly Keptilian. There is not the 
least evidence of any development upward from the Mollusk, 
Worm, or Trilobite to these FiBhea, or of a gradual rise in 
the grade of Fishes from the lower to the highest. The 
Devonian Fishes we often of great size and eminently com- 
plete and perfect in their parts. Their introduction into 
the system of life was a no less sudden step upward than 
in the ease of plants. 

There are here no facts sustaining the theory that species 
were made from species by a natural process of growth or 
development. Without any known natural method of crea- 
tion to appeal to, Science is led rightly to ascribe the exist- 
ence of plants and animals, each in its time and place, to 
Him alone who created " in the beginning." 



in. CARBONIFEROUS AGE, OR AGE OF COAL 
PLANTS. 

1. General Charaoteriatios ; SubdiTuion. 
The Carboniferous age was remarkable, in general, for — 
(1.) The wide limits of the continents above the sea-level, 
(2.) The extent of the low marshy or fresh-water areas 
over these continents, and the flat or gently undulating 
surface of nearly all the rest of the emerged land, few ele- 
vated ridges existing any where. 

(3.) The luxuriant vegetation, clothing the land with 
forests and jungles. 

(4.) The existence of Insect life over the land, and of 
Amphibians and other Reptiles in the marshes and seas. 

But, while having these as its main characteristics, it was 
not an age of continued verdure. There was, first, a long 
period — the Subcarboniferovs — in which the land was mostly 
beneath the sea; for limestone, full of marine fossils, is the 
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pTevaillng rock, and there are but thin coal eeams in aome 
regions of eandstoDea and shales. This period was followed 
by the Carboniferous, or that of the true Coal measures. Yet 
even in this middle period of the age there were alterna- 
■tionB of submerged with emerged cootinents, long eras of 
dry and marshy lands luxuriantly overgrown with shrub- 
Ijery and forest-trees intervening between other long eras 
of great barren continental seas. Then there was a closing 
period, — the Permian, — in which the ocean prevailed again, 
though with contracted limits; for the rouks are mainly of 
marine origin. 

The Carboniferons period and age wore bo named fi-om the 
fact that the great coal beds of the world originated mainly 
during their progress. The term Permian was given to the 
rocks of the third period by Murchison, de Verneuil and 
Keyserling, from a region of Permian rocks in Eussia, the 
ancient kingdom of Permia, now divided into the govern- 
ments of Perm, Viatka, Kasan, Orenberg, etc. 

2. Sistribntion of Carboniferom Socfci. 

The Carboniferous areas on the map of the United States, 
p. 69, are the dark areas; the black cross-lined with white 
being the Subcarboniferoua; the pure black, the Carbonife- 
rous; the black dotted with white, the Permian. The last 
occur only west of the Mississippi. 

The following are the positions of the several great areas 
in North America : — 

I. Eastern Border Region. — (1.) The Bhode Island area, 
extending from Newport in Bhode Island to Worcester in 
Massachusetts. 

(2.) The Nova Scotia and New Brunswick area. 

II. Appalachian and Interior Regions. — (1.) The great 
Appalachian area, extending from the southern borders of 
New Tork and Ohio southwestward to Alabama, covering 
the larger part of Pennsylvania, half of Ohio, part of 
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Soniucky and TenneBseo, and a little of Missieeippi. To 
the Qorthcaet, in Pennsylvania, this coal field is much 
broken into patches, as shown in the accompanying map of 



{I 



I 

I 

a part of the State, the black areas being those of the coal 
district. 

(2.) The Michigan area, covering the central part of the 
State. 
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(3.) The Illinois and Missouri area, or that of the Miasift- 
sippi basin, covering much of Illinois, and part of Indiana, 
Kentucky, Iowa, Minnesota, Miesouri, Kansas, and Arkansas, 
and stretching southward into northern Texas. 

(4.) The Body Mountain area, situated in some parts of the 
BummitB of the Kocky Mountains, as around the Great Salt 
Lake in Utah. 

III. Arctic Reoion. — The Melville Island, and those of 
other islands between Grinnell Land and Banks Land, 
mostly north of latitude 70°. 

The areas of workable coal measures are estimated as 
follow :— 

1. Rhode Island 1,000 square miles. 

2. Nova Scotia and New Brunswick 18,000 " " 

3. Appalachian 60,000 " 

■t. Michigan 5,000 " 

5. Illinois and Missouri 60,000 " " 

The total for the whole United States is about 130,000 
square miles. 

Carboniferous strata occur also in Great Britain and 
various parts of Europe. Those of England are distributed 

over an area between South Wales on the west and the 
Kewcaatle basin on the northeast coast (as shown by the 
black areas on the following map), the most important for 
coal being the South Wales region; the Lancashire district, 
bordering on Manchester and Liverpool; the Yorkshire, 
about Leeds and Sheffield ; and the Newcastle. 

Scotland has some small areas between the Grampian 
range on the north and the Lammermuire on the south ; and 
Ireland, several coal regions of large extent, as at Ulster, 
Connaught, Leinster (Kilkenny), and Munster. 

The coal-fields of Europe which are most worked are the 
Belgian, bordering on and passing into France. Germany 
contains only small coal-bearing areas ; and Bussia in Europe 
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almost none, althoagh the Snbcarboniferoaa and Permian 
rticks cover large portions of the surface. 

The following are the areas of some of the foreign coal 
districts ; — 

Great Britain and Ireland 12,000 square miles. 

Spain 4,000 

Prance 2,000? " " 

Belgium 618 " " 

or less than 20,000 square miles, against 148,000 in North 
America. 

Valuable coal beds are not found in any rocks older than 
the Carboniferous, although black bituminous slates are not 
uncommon even in the .Lower Silurian. They occur, how- 
ever, in different Mosozoic formations, and also occasionally 
in the Ccnozoic, but not of the extent which they have in 
the Carboniferous formations. 

3. Kinds of Books. 

1. SuBCARBONi FERGUS Feriod. — The Subcarbonifcrous 
strata in the Interior Continental region are mainly lime- 
stone; and, as the limestone abounds in many places in Cri- 
noidal remains, the rock is often called the Crinoidal limestone. 
In the Appalachian region, in middle and southern Virginia, 
the rock is also limestone, and has great tbickness; but in 
northern Virginia and Pennsylvania it is mostly a sandstone 
or conglomerate overlaid by a shaly or clayey sandstone and 
marlite of reddish and other colors, — the whole having a 
maximum thickness of 500O to 6000 feet. In the Eastern 
border region, in Nova Scotia, the rocks are mostly reddish 
sandstone and marlite, with some limestone, — the estimated 
thickness 6000 feet. 

The prevailing rock in Great Britain and Europe is a 
limestone, called there the Mountain limestone. 

2. Carboniferous Period. — (1.) Rocks of the Coal forma- 
tion. — The rocks of the Carboniferous period — that is, those 
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of the Coal meaauroa — are BaDdatones, shales, conglomerates, 
and occasionally limestones ; and they are ao similar to the 
rocks of the Devonian and Silurian ages that they cannot 
be distinguished except by the foesils. They .occur iu various 
alternations, with an occasioQal bed of coal between them. 
The coal-beda, taken together, make up not more than one- 
fiftieth of the whole thickness; that ie, there are 50 feet or 
more of barren rock in the coal formation to 1 foot of coal. 
An example of the alternations is given in the following 
section : — 

Ssadetone uid ooaglumerats beds. 120 f««t. 

COAL e " 

Pine-gTuned ahtAj luidstODB. SO " 

SilitlOyiM XTOH-OTt. _ 11 •' 

AtgitlBoeoni ssjidetODe. 75 " 

COAL, upper 1 feet ahalc. Kith foBail pUnts, uid beloir > thin 

elsjey Isjer 7 " 

SoudgtoDe 80 " 



Argillwieoiu ihala 

LiMBSTOHi (oolitla), containing Frodntii, Criiun'dt, • 

Inm-Ore, with man; fossil Bhells 

Coarw umdstflne, oontaining trankB of tteet^ 

COAL, Ijing on 1 foot elaC; ibate with fOBail pluitc 
CouM gandatone ~ 



The limestone strata are more numerous and extensive 
in the Interior Continental region than in the Appalachian, 
and west of the States of Missouri and Kansas limestone is 
the prevailing rock. 

Beds of argillaceous iron-ore are very common in coal 
districts, so that the same region affords ore and the coal 
for smelting it. Some of the largest iron-works in the world, 
on both sides of the Atlantic, occur in coal districts. 

The coal beds often rest on a bed of grayish or bluish clay, 
called the under-clay, which is filled with the roots or stems 
of plants. When this under-clay is absent, the rock is 
usually a sandstone or shale. Above the coal, the rock may 
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be Bandstonc, shale, cod glome rate, or even limeBtone ; often 
the laj-cr next above, especially if ahaly, is filled witli foBsil 
leaves and eteiui^. In eome cases, trunks of old trees rise 
from the coal and extend up through overlying beds, as in 
the annexed figure, by Dawson, from the Sova Scotia Coal 
measures. Occasionally, as in Ohio, logs 50 to 60 feet long 
lie scattered through the sandstone beds, looking as if a 
forest had been swept off from the land into the aea. 

(2.) Coat beds. — The coal beds vary in thickness from a 
fraction of an inch to 30 or 40 feet, but seldom exceed 8 feet, 

Fig. 210. 



and are generally much thinner: 8 feet is the thickness of 
the principal bed at Pittsburg, Pa.; 29} feet, that of the 
" Mammoth Vein" at Wilkesbarre, Pa. ; 37i feet, that of one 
of the two great beds at Pietou in Nova Scotia. In these 
thick beds, and often also in the thin ones, there are some 
intervening beds of shale, or of very impure coal, so that 
the whole is not fit for burning. 

The coal varies in kind according to the proportion of 
bituminous substances present, — that containing little or 
none being called Anthracite, and the rest Bituminous coal 
(see p. 18). When only 10 or 15 per cent, of bituminous 
substances are present, it is often called Semi-hituminous coal- 
In Pennsylvania the coal of the Pottsvillo, Lehigh, and 
Wijkesbarre regions is anthracite; that of Pittsburg, biiumi- 
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nous coal; and that of part of the intermediate dietrict, 
semi-bittiminous, as so desigoated on the map, page 118. 

The coal also varies as to the impurities present. All of 
it contains more or less of earthy material, as clay or silica; 
and' this earthy material constitutes the ashes and stag of a 
coal fire. Ordinary good anthracite contains 7 to 12 ponnds 
of impurities in a hundred ponnda of coal. la some eoal 
beds there is conaiderablo pyrites or aulphnret of iron (a 
compound of sulphur and iron), and the coal is then unfit 
for use. It is seldom that pyrites is altogether absent. The 
sulphur gases which are perceived in the smoke or gas from 
a eoal fire come nsnally from the decomposition of pyrites. 

Minora! coal, although it seldom breaks into plates unless 
quite impure, still consistB of thin layers. This is shown in 
the hardest anthrauite by a delicate banding of a surface of 
fracture, as may be readily seen when It is held up to the 
light. This structure is absent in the variety called Cannel 
eoal, which is a bituminous coal, very compact in texture, 
feeble in lustre, and smooth and often flint-like in fracture. 

(3.) MineTol Oil. — Besides mineral coal, the rocks some- 
times afford bituminous liquids, called ordinarily petroleum, 
or mineral oil, or, when purified for burning, kerosene, and 
sometimes mineral naphtha. Oil-wells are largely worked at 
TituBville in Pennsylvania, and at Mecca in Trumbull co., 
Ohio ; and it is probable that the material at each of these 
places proceeds from the lower Subcarboniferons rocks, 
though possibly from the Devonian. Petroleum is a result 
of the decomposition of vegetable substances. It proceeds 
from rocks of various ages, — from those of the Lower Silu- 
rian to the Tertiary. The earliest springs affording a large 
supply of oil come from the Corniferous bods (Devonian), 
as at Enniskillen in Canada. 

(4.) Salt or Salines. — The Sub carboniferous formation in 
Michigan, at Grrand Ilapids and the adjoining region, affords 
extensive salines, and thoro are many wells opened by 
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boring. The beds affording the saline waters coneiBt of 
clayey beds or marlites, shale, and magnesian HmestODe, and 
abound also in gypenm, thus resembling those of the Salina 
period in New York (p. 95). 

3. Permian Pskiod. — The rocks of the Permian beds are 
mostly sandstones and marlitce, with some impure or mag- 
nesian limestones, and gypsum. They occur in North Ame- 
rica west of the Mississippi in Kansas, and about some parts 
of the eastern slope of the Rocky Monntains, where they lie 
conformably over the Carboniferous. Similar rocks occur in 
Great Britain in the vicinity of several of the coal regions, 
and also in Germany and Russia. Thin seams of coal are 
occasionally inters trati fie d with the sandstones, but none of 
workable extent are known. 

4.Lifb. 
1. Plants. 

The plants of the forests, jungles, and floating islands of 
the Carboniferous Age, thus far made known, number about 
900 species. Among the fossils there are none that afford 
satisfactory evidence of the presence of either Angiospemis 
or Palms (p. 62) ; for no net-veined leaves, allied in charac- 
ter to those of the Oak, Maple, Willow, Rose, etc., have been 
found among them; and no palm-leaves ot palm-wood. More- 
over, the plains were without grass, and the swamps and 
woods without moss. At the present day Angiosperms, 
along with Conifers, or the Pine family, make up the great 
hulk of our shrubs and forest-vegetation ; Palms abound 
in all tropical countries; grass covers all exposed slopes 
where the climate is not too arid ; and mosses are the prin- 
cipal vegetation of most open marshes. 

The view in fig. 220 gives some idea of the Carbon- 
iferous vegetation over the plains and marshes of the era. 

The Carboniferous species, like their predecessors in the 
Devonian age, belonged to the following groups : — 
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I. Cryptooahb, or Flowerlose Plants, Order of AcaoOENS. 

(1.) Fern tribe. — Pema were very abundant, a large part of 

the fossil plants of a coal region being their delicate fronds 



(usually called leaves). One of them is represented in fig. 
224. Besides small species, like the common kinds of the 
present day, there were tree-ferns, species that had a tmnk, 
perhaps 15 or 20 feet high, and which bore at top a radiating 
tuft of the very large leaf-like fh>nds, resembling the 
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modem tree-fern of the tropics. One of the tree-ferns of the 
Pacific ia repreBonted in fig. 220, near the middle of the view, 
and smaller fems in front of it below. Tree-ferns, however, 




were not common in the Carboniferous forests. The sears 
in fossil or recent tree-fems are many times larger than 
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those of Lepidodendra, and the fossils may bo thus distin- 
guished. 

(2.) Lycopodium tribe. — The Lepidodendra appear to havo 
been among the moat abundant of Carboniferous foreet- 
troes, especially in the earlier half of the Carboniferous 
Age, or to tbe middle of the Coal Period. They probably 
covered both the marshes and the drier plains and hills. 
Some of the old logs now preserved in the strata are 50 to 
60 feet in length; and the pine-like leaves were occasionally 
a foot or more long. The taller tree to the left, in figure 
220, is a Lepidodendron. Figure 221 shows the surface- 
markings of one of the species, natural size: the regular 
arrangement of the scars resemblca a little the arrangement 
of scales on a fish, and this gave origin to the name Lepido- 
dendron, from the Greek lepis, scale, and dendron, tree. 

(3.) Equisetum tribe. — Fig. 225 represents a portion of one 
of the tree-rushes, or Calamites, usually regarded as of the 
£quisetum tribe. The species were evidently very abundant 
in the great marshes, through the whole of the Carbonif- 
erous Age ; some were 20 feet or more high, and 10 or 12 
inches in diameter. 

Besides these Cryptogams there were also Fungi, or Mush- 
rooms; but, as already stated, no remains of Mosses troxa the 
rocks of the age are known. 

II. Fbenooams, or Flowering Plants, Order of Gymno- 

SPEBMS. 

(1.) Conifers. — Trunks of trees, supposed to be Coniferous 
in character, and related especially to the Aravcarian pines, 
are common. As stated on p. 109, they may be the trunks 
of Sigillarids; yet this is not probable. 

(2.) Sigillarids. — The Sigillarice wore a very marked fea- 
ture of the great jungles and damp forests of the Coal period. 
They grew to a height sometimes of 30 to 60 feet j but the 
trunks were seldom branched, and must have had a stiff, 
clumsy aspect, although covered above witb long, slender, 
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rush-like leaves. Fig. 222 represents a common species, 
exhibiting the usaal armngcment of the scare in vertical 
linea, and also iDdicating, hy the difference in the scars of 
the right row from those of the othera, the difference of 
form on the inside and outside of the bark. 

(S.) Stigmarix.—T'he fossil StigDuirioi are stout stems, 
generally 2 to 3 or more inches thick, having over the sur- 
face distant rounded punctures or depressions. 

Fig. 223 is a portion of tbe extremity of a stem, showing 
the rounded depressions and also the leaf-like appendages 
occasionally observed. The stems or branches are a little 
irregular in form, and sparinglj' branched. They have been 
found spreading, like roots, from the base of the trunk of a 
Sigillaria, and sometimes also from that of a Zepidodendron ; 
and they arc hence regarded either as the roots or sub- 
aqueous stems of these trees. They are an exceedingly 
common fossil, especially in the under-clays of the Coal 
measures (p. 122). If they are roots, they indicate that the 
under-day, as stated by Logan, was the old dirt-bed in which 
the vegetation that gave rise to a bed of coal first took root. 
If subaqueous stems, as Lesquereux believes them to have 
often been, they grew and spread through the shallow 
waters, and formed the basis of floating vegetation, while 
the clay was accumulating over the bottom, like the fire- 
clay beneath a modern peat-bed. 

In the Carboniferous landscape, fig. 220, p. 126, the broken 
trunk to the right is a Sigillaria. The landscape, to bo quite 
true to nature, should have been made up largely of Sigil- 
larice, Calamites, and Lepidodendra, with few tree-ferns. The 
Stigmariffl would have been mostly concealed beneath the 
water or soil, or in the submerged mass of the floating islands 

(4.) J^its. — Besides the leaves, stems, and trunks already 
alluded to, there are various nut-like fruits found in the 
Carboniferous strata. One is represented in flg, 226, the 
figure to the left being that of the shell, and the other that 
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of the nut wJiich it contaiaed. Some of them are two inched 
in length. The m(»t of them were probahly the fruit of 
Sigillarice or Conifers; some, perhaps, of the Lepidodendra. 

(5.) Conclusions. — It is seen from the above that — 

(1.) The vegetation of the Carboniferous age conetsted 
very largely of Cryptogams, or flowerlese plants. 

(2.) The flowering plants, or Phenogams, associated with 
the flowerless vegetation, were of the order of Gymno- 
aperms, whose flowera are incomplete and inconspicuous. 

(3.) "While, therefore, there was abundant and beautiful 
foliage (for no foliage exceeds in beauty that of Ferns), the 
vegetation was nearly flowerless. 

(4.) The characteristic Cryptogams were not only of the 
highest group of that division of plants, but in general they 
exceeded in size and perfection the species of the present 
day, many being forest-trees. 

2. Animals. 
The principal steps of progress in animal life have already 
been in part pointed out, — viz. the increase in the variety 
and number of land-Articulates ; there being Myriapods (or 
Centipedes) and Scorpions, as well as Insects; and the rise in 
Vertebrates from water- Vertebrates, or Fishes, to Beptilea. 

1. Sadiates. — Among Radiates, species of Crinoids were 
especially numerous and varied in form in the Subcarbonif- 
erons period. Pigs. 227 to 229 represent some of the species. 
Tberadiatingarmsareperfectinfig. 227, but wanting in 228. 
Fig. 229 is a species of the genns Pentremites (named from the 
Greek pente, five, alluding to the five-sided form of the fossil). 
The Pentremites had a long stem made of calcareous disks, 
like other Crinoids, but no long radiating arms at top. 

Fig. 230 presents ah upper view of a very common Coral 
of the same period : it has a columnar appearance in a side 
view. 

2. Mdlusks. — The tribe of Bryozoans contained the siu- 



D,q,i,.cdbvGooyk" 



CAKBONIFBROUIJ AUK. 



gnlar screw-shaped (or anger-shaped) coral shown in fig. 231, 
and named Archimedes (referring to Archimedes' screw). It 



Cl.oneles n 
until ; 236, 



is made up of minute cells that open over the lower surface ; 
oach of the cells, when alive, contained a minute Bryozoati 
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(p. 57). ^hese fosHils are common in some of the Sabear- 
boniferoas limestone strata. 

Brachiopods were the moat abundant of Mollusks through 
the Carboniferous age, and especially species of the genera 
Spirifer and Produetm. Figures 232 to 236 are of species 
from the American Coal measures : fig. 234, a Spirifer; fig. 
233, a Productus; fig. 232, a Chonetes; fig. 235, an Athyris, 
occuring also in Europe. Fig. 236 represents one of tho 
Graeteropods of the Coal measures. Fig. 237 is a Pupa, the 
first yet known of land-snails : it is from the Coal measares 
of Nova Scotia. The order of Cephalopods contained but 
few and small species of the old tribe of Ortkocerata, but 
many of the Ammonite-like Goniatites. 
■ 3. Articulates. — Among Articulates, Crastaceans appeared 
under a new form, much like that of modern shrimps (fig. 
238, from Scotland), and Trilobites were of rare occurrence. 




Urls.— Lum-wura ; Kg. 210, filattina renu 



Fig. 239 represents a Mj-riapod resembhng a modem 
Tulus, from Nova Scotia; 239 a, shows the organs of the 
mouth, as they are still preserved in the specimen. 

Fig. 240 is a wing of an Insect of the genus Blattina, 
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related to the modem Cockroach (or Blotto), drawn iVom a 
Hpecimea obtained in the Coal meaBures of Arkansas. There 
were also Bpecies of Neuropterous insects, of Locusts (or 
Orthopteroua insects) and Beetles (or Coieopters), beBides 
Scorpions (of the class of Spiders). 

4. Vertebrates. — Fishes were numeroas, both of the orders 
of Ganoids and Selachians. All the Ganoids were of the 
ancient type, having the caudal fin vertebrated (or hetero- 
cercal), as in the Palaonisois, represented in fig. 241, a Per- 
mian species. Many of the Selachians, or Sharks, were of 
great size, as shown by the fin-epines. Fig. 242 represents 
a small portion of one of these spines, natural size, from 
the Subcarboniferous beds of Europe. One of the largest 
specimens of the same species thus far found bad a length 

Flgg. 241, 2i2. 



Fig. 241, PalEonlBciu PrelMlebcpi (X >5 ; 242, P»rt of > ijAbk of CleiMcinllins nwjor. 

of 14] inches, and when entire it must have been full 18 
inches long. 
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The first traces of Reptilea yet known occur in the Snb- 
carboDiferous beds of Pottsville, Penneylvania- 
Figl. 243-2*5. 



Fig. 213, Tncki of Sunrapiu prtmicnu (XVi>: ^*<, Bunlceps LjelUI; 
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Fig. 243 ie a rednced sketch of a slab containing tracks 
of tho Bpecies, and alBO an impression left by the tail of the 
animal. The tracks of the fore-feet, as described by I. Lea, 
are 5-fingered and 4 inches broad, and those of the hind 
feet 4-fiDgered and nearly of the same size; while the stride 
indicated was 13 inches. Fig. 244 represents a skeleton of 
an Amphibian from the Ohio Coal measures, found by New- 
berry; and fig. 245 a vertebra of a swimming Saurian 
probably related to the Enaliosaurs, or Sea-Saurians, of the 
Mesozoic (see p. 180), discovered by Marsh in the Coal 
measures of Nova Scotia. This vertebra is concave on both 
sarfaces, as shown in the section in fig. 245 a, and in this 
respect resembles tbose of fishes. The Enaliosaurs had 
paddles like Whales. 

These Enaliosaurs, or swimming Reptiles, are the highest 
species of animal yet discovered in rocks of tbe Carbonif- 
erous period. In the Permian period there were still higher 
Reptiles, called Thecodonts (because the teetb are set in 
sockets, from the Greek theca, case, and odovs, tooth). But 
these also had the fish-like characteristic of doubly-concave 
vertebne. 

ff. General Obsetrations. 
1. Pormation of Coal and lie Coal measures. — (1.) Origin of 
the Coal. — The vegetable origin of coal is proved by the fol- 
lowing facta : — 

(1.) Trunks of trees, retaining atill tbe original form and 
part of tho structure of the wood, have been found changed 
to mineral coal, both in the Carboniferous and more modem 
formations, showing that the change may and does take 
place. 

(2.) Beds of peat, a result of vegetable growth and accu- 
mnlatjon, exist in modern marshes; and in some cases they 
are altered below to an imperfect coal (see page 263 on the 
formation of peat). 
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(3.) Bemaini of planta, their leaves, branches, and stems 
or trunks, abound in the Coal measures j trunks sometimes 
extend upward from a coal-bed into and through some of 
the overlying beds of rock ; roots or stems abound in the 
under-clays. 

(4.) The hardest anthracite contains throughout its mass 
vegetable tissues. Prof. Bailey examined with a high mag- 
nifying power several pieces of anthracite burnt at one end, 
like fig. 246, taking fragments from the junction of the 
white and black portion, and detected readily the tissues. 
Figure 247 represents the ducts, as they appeared in one 
ease under his microscope ; and fig. 248 part of the same, 
more magnified. 

(2.) Decomposition of Vegetable Material. — Carbon, the essen- 
tial element of mineral coal, exists as one of the constituents 
of all wood or vegetable material, making up 49 per cent, 
(or nearly one-half) of dry wood ; and to obtain this carbon 
as coal it is necessary only to expel the other constituents 

Figi. 2«-218. « 




of the wood, — that is, the gases oxygen and hydrogen. Vege- 
table matter decomposing in the open air — like wood burnt 
in an open fire — passes, carbon and all, into gaseons combi- 
nations, and little or no carbon is left behind. But when it 
is decomposed slowly under water, or by a slow, half- 
smothered fire, only part of the carbon is lost in gaseous 
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combinatioDB, the rest remaining as cosl, — called mijurai 
coal in the former case, and charcoal in the latter. 

The actual loss, by weight, in the traaeformatioa into 
bituminous coal, is at least three-fourths of the wood, and in 
that into anthracite, five^ixtha. Adding to this Iobs that 
&om compression, by which the material is brought to the 
density of mineral coal, the whole reduction in bulk is not 
less than seven-eighths for the former, and eleven-twelfths for 
the latter. In other words, it would take 8 feet of vegetable 
matters to make 1 of bituminous coal, and 12 feet to make 
1 of anthracite. 

(3.) Impurities in Coal. — The coal thus formed contains 
the silica existing in minute quantities in vegetable sub- 
stances, and also other earthy materials that are not carried 
away in solutions. By this means, and through the addition 
of clay or earth, introduced by waters or by the winds, the 
coal baa derived the earthy impurities which give rise to the 
ashes and slag formed in a hot fire. 

(4.) Accumulation and Formation of Coal-beds. — The origin 
of coal-beda was, then, as follows : — The plants of the great 
marshes and shallow lakes of the Coal era, the latter with 
their fioating islands of vegetation, continued growing for a 
long period, dropping annually their leaves, and from time 
to time decaying stems or branches, until a thick accumula- 
tion of vegetable remains was formed, — probably 8 feet in 
thickness for a one-foot bed of bituminous coal, or over 60 
feet for such a bed as that of the Pittsburg region (p. 123). 
The bed of material thus prepared over the vast Wet areas 
of the continent early commenced to undergo at bottom 
that slow decomposition the final result of which is mineral 
coal. But, as the coal-beds alternate with sandstones, shales, 
conglomerates, and limestones, the long period of verdure 
was followed by another of overflowing waters, — and gene- 
rally oceanic waters, as the fossils prove, — which carried 
sands, pebbles, or earth over the old marsh, till scores or 
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hnndrods of feet in depth of Bucb deposits had been made. 
ThuB, the bed of vegetable debris was buried where the 
process of decomposition proper for making coal could Still 
go OD to its Completion ; for it would have the smothering 
influence of the burial, as well as the presence of water, to 
ffevor the process. 

(5.) (^imate of the Age. — The wide distribution of the coal 
regions over the globe, from the tropics to the remote 
Arctic, and the general similarity of the vegetable remains 
in the coal-beds of these remote zones, prove that there was 
a general uniformity of climate over the globe in the Car- 
boniferous age, or at least that the climate was nowhere 
colder than warm-temperate. Similar corals and shells ex- 
isted during the Subcarboniferous period in Europe, the 
United States, and the Arctic within 20° of the north pole, 
and so profusely as to form thick limestones out of their 
accumulations. The ocean's waters, even in the Arctic, 
were, therefore, warm compared with those of the modem 
temperate zone, and probably quite as warm as the coral- 
reef seas of the present age, which lie mostly between the 
parallels of 28° either side of the equator. 

(6.) Atmosphere. — The atmosphere was especially adapted 
fbr the age in other respects. It contained a larger amount 
than now of carbonic acid gas, — the gas which promotes (if 
not in excess) the growth of vegetation Plants derive 
their carbon mainly from the carbonic acid of the atmo- 
sphere ; and hence the mineral coal of the world is approxi- 
mately a measure of the amount of carbonic acid the atmo- 
sphere in the Carboniferous era lost. The growth of the flora 
of that age was a means of purifying the atmosphere so as 
to flt it for the higher terrestrial life that was afterwards to 
possess the world. 

Again, the atmosphere was more vioist than now. This 
follows trom the greater heat of the climate and the 
greater extent as well as higher temperature of the oceans. 
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Tbe continents, although large during the intervals of ver- 
dure compared with the aroaa above the ocean in the Devo- 
nian or Silurian, were still small and the land low. It roust, 
therefore, have been an ora of prevailing clouds and luista. 
A moist climate would not, however, have been universal, 
as even the ocean has now its great areas of drought 
depending on the courses of the winds. America is now 
the moist forest-continent of the globe; and the great 
extent of the coal-fields of its northern half proves that it 
bore the same character in the Carboniferous age. 

2. Oeogniphy. — (1.) Appalachian and Bockif Mountains not 
made. — On page 116 it is stated that the coutinents in this 
age were low, with few mountains. The non-existence of 
the Appalachians of Pennsylvania and Virginia is proved 
by the feet that the rocks of these mountains are to a con- 
siderable extent Carboniferous rocks ; — partly marine rocks, 
indicating that the sea then spread over the region whore 
they now lie; partly coal-beds, each bed evidence that a 
great fresh-water marsh, flat as all marshes are, for a long 
while occupied the region of the present mountains. 

There is the same evidence that the mass of the Rocky 
Mountains bad not been lifted; for marine Carboniferous 
rocks constitute a large part of these mountains, many 
beds containing remains of the life of the Carboniferous aeas 
that covered that part of North America. Only islands, or 
archipelagos of islands, made by some Azoic and Paleozoic 
ridges, existed in the midst of the wide-spread western 
waters. 

(2.) Condition in the Subearboniferom Period.— Through the 
first period of this age — the Subcarboniferous — the continent 
was almost as extensively beneath the sea as in the Devo- 
nian age. This, again, is shown by the nature and extent 
of the Subcarboniferous rocks, — the great crinoidal lime- 
stones. The shallow continental seas wore profiisely planted 
with Crinoids amid clumps of Corals. Braehiopods were here 
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and there in great abundance, many lying together in beda 
as oyeters in an oyster-bed ; other MolluBke, both Conchi- 
fere and Gasteropods, were also Dumerous; Trilobites were 
few; Goniatitea and Nautili, along with Ganoid Fishes and 
Bharka, were the voracious life of the seas, and Amphi- 
bian reptilea haunted the marshes. 

(3.) Transition to the Carboniferous Period. — Finally, the 
Subcarboniferous period closed, and the Carboniferous 
opened. But in the transition from the period of submerg- 
ence to that of emergence required to bring into existence 
the great marshes, a wide-spread bed of pebbles, gravel, and 
sand was accumulated by the waves daahing rudely over 
the surface of the rising continent j and these pebble-beds 
make the Millstone grit that marks the commencement of the 
Carboniferous period in a large part of eastern North Ame- 
rica, especially along the Appalachian region, and also in 
Europe. 

(4.) Goal-plant Areas in the Carboniferous Period. — Thee 
began the epoch of the Coal measures. 

The positions of the great coal areas of North America 
(see map, p. 69) are the ijositions, beyond question, of the 
great marshes and shallow fresh-water lakes of the period. 
But it is probable that the number of these marshes waa less 
than that of the coal areas. The Appalachian, Illinois, Mis- 
aouri, Arkansas, and Texas fields may have made one vast 
Interior continental marsh-region, and those of Rhode Island, 
Nova Scotia, and New Brunswick an Eastern border marah- 
region. There is some reason, however, for believing that 
s low area of dry land (or not marshy land), extending 
from the region of Cincinnati into Tenneaaee, divided the 
Interior marsh, or at least its northern portion. 

The Michigan marsh-region appears also tohave had itedry 
margins, instead of coaleacing with the Illinois or Ohio areas. 

It is not to be inferred that the marshes alone were 
covered with verdure. The vegetation probably spread over 
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&11 the dry land, though making thick deposits of vegetable 
remains only where there were marshes under dense jungle 
growth and shallow lakes with thuir floating islands. 

(5.) Alternations of Condition, Changes of Level. — It has 
been remarked that the many alternations of the coal- 
beds with sandstones, shales, conglomerates, and lime- 
stones (p. 117), are evidence of as many alternations of 
level during the era. After the great marshes had been 
long under verdure, the oecan began again to encroach upon 
them, and finally swept over the whole surface, destroying 
the land and fresh-water life of the area, — that is, the land 
and fresh-water Plants, Motlusks, Insects, and Reptiles, — fcut 
distributing at the same time the new life of the salt waters. 
Then, after another long period of various oscillations in 
the water-lovol, in which sedimentary beds in many alter- 
nations were formed, the continent again rose to aerial life, 
and the marshes and shallow lakes were luxuriant anew 
with the Carboniferous vegetation. Thus the sea prevailed 
at intervals— intervals of long duration — through the era 
even of the Coal measures ; for the associated sedimentary 
bods, as has been stated, are at least fifty times as thick as 
the coal bods. 

These oscillations continued until 3000 to 4000 feet of . 
strata were formed in Pennsylvania, and over 14,000 in 
Nova Scotia. 

The Carboniferous period was, therefore, ever varying 
in its geography. A map of its condition when the great 
coal beds were accumulating would have its eastern coast- 
line not far inside of the present, and in the region of Kova 
Scotia and New England even outside of the present. The 
southern coast-lino would pass through central Carolina, 
Georgia, and Alabama, and northern Mississippi, then, west 
of the Mississippi, around Arkansas and the bordering coun- 
ties of Texas ; thence it would stretch northward, bounding 
a sea covering a large part of the Bocky Mountain region. 
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for the Coal period was in that part of the continent 
mainly a time of limestone-making. But in a map repre- 
Benting it during the succeeding timea of aabmergence, the 
coast-line would run through south middle New England, 
then near the southern boundary of New York State, 
then northwestward around Michigan, then southward 
again to northern Illinois, and then westward and north- 
westward to the Upper Missouri region, or the Rocky 
Mountain sea. Through these conditions, as the extremes, 
the continent passed several times in the course of the Car- 
boniferous period. 

(6.) Condition in the Permian Period. — Finally, in the 
Permian period, the Appalachian region, and the Interior 
region east of a north -and-south line running through' Mis- 
souri, appear to have been mainly above the ocean; for the 
Permian beds are mostly confined to the meridian of Kansas 
and the remoter West. 

QENEEAL OB8EBTATION3 ON THE PALEOZOIC. 

1. SookB. — (1.) Maximum thickness- — The maximum thick- 
ness of the rocks of the Silurian age in North America is 
22,000 feet; of the Devonian, about 14,000 feet; and of the 
Carboniferous age, under 15,000 feet. 

(2.) Diversities of the different Continental regions as to 
kinds of rocks. — The Paleozoic rocks of the Appalachian 
region are mainly sandstones, shales, and conglomerates; 
only about one-fourth in thickness of the whole consists of 
limestone. The rocks of the Interior continental are mostly 
limestone, full two-thirds being of this nature. 

The difference of these two regions, in this particular, 
will he appreciated on comparing the following general sec- 
tion of the strata of the Interior with the section, on page 
66, of the rocks of New York, — New York State lying on 
the inner borders of the Appalachian region. The Lower 
Silurian beds in the Mississippi basin, as the section shows, 
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consist mainly of limestones; so also the "Upper Silurian, 
Devonian, and Sub carboniferous formations; and the Car- 
boniforons of the region contains more limestone than that 
of the East. In the Devonian of the Interior, a black shale, 
one or two hundred feet thick, is the only representative of 
the Hamilton group ; and a few hundred feet of sandstone 
— part of the so-called Waverly sandstone — corresponds to 
the Chemung group, or Uppermost Devonian. 

In the Eastern border region, about the Gulf of St. Law- 
rence, there is a great predominance of limestones in the 

Fig. 249. 
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formations. They prove the existence in that region of an 
Atlantic border basin similar in some respects to the basin 
of the Interior, — the two being separated by the northern 
part of the Appalachian region. 

(3.) Diversities of the Appalachian and Interior Continental 
regions as to the thickness of the rocks. — In the Appalachian 
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region the maximum thicknees of the Paleozoic rocks is 
about 50,000 feet. But this thicknesB Ib not observed at 
any one locality, it being obtained by adding together the 
greatest thicknesses of the several formations wherever 
observed. The greatest actual thickness at any one place in 
Pennsylvania is about 36,000 feet, or between 6i and 7 miles. 

In the central portions of the Interior continental region, 
the thickness varies from S500 feet (and still less on the 
northern border) to 6000 feet ; and it is^ therefore, from 
one-sixth to orie4enth that in the Appalachian region. 

(4.) Origin of the deposits. — The fragmental rocks, as those 
of sand, clay, mud, pebbles (or the sandstones, shales, 
earthy sandstones and conglomerates), were made from tho 
wear of pre-existing rocks under the action of water. The 
water was mainly that of the ocean, and the power was 
that of the waves and currents. The material acted upon 
was subjected to wave-action, and must have been at or 
near the surface. The material of the coarser rocks may 
have been accumulating where the waves were dashing 
against a beach or an exposed sand-reef, or else where cur- 
rents were in rapid movement over the bottom ; for accumu- 
lations of pebbles and coarse sand are now made under 
these circumstances. Tho material of the earthy sandstones 
may have been the mud or earthy sands forming the bottom 
of shallow seas. The fine clayey or earthy deposits ^ust 
have been made in sheltered bays or interior seas, in which 
the waves were light, and, therefore, fitted to produce by 
their gentle attrition the finest of mud ; or else in the deeper 
ofi-shore waters, where the finer detritus of the shores is 
liable to bo borne by the currents. 

Accumulations of any degree of thickness may be made 
in shallow waters, provided the region is undergoing very 
alow subsidence ; for in this way the depth of the waters 
may be kept sufficient to allow of constantly increasing 
depositions. Thus, by a slow subsidence of 1000 feet, 
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deposits 1000 feet thick may be produced, and the depth of 
water at do time exceed 20 feet. The occurrence of ripple- 
marks, mud-cracka, or rain-drop impressions in many beds 
of most of the formations, proves that the layers so marked 
were successively near the snrface, and, therefore, that there 
must have been a gradual sinking of the bottom as the beds 
were formed. 

The limestones of the Paleozoic were probably made, in 
every case, out of organic remains, as Shells, Corals, Crinoids, 
etc., and perhaps in some cases (as that of the Lower Uag- 
neaian limestones of the Interior) out of minute Bhiso- 
pods, which are known to have formed, to a large extent, 
the chalk-beds of Europe. Shells, Corals, and Crinoids 
must be ground up by the waves to form fine-grained rocks; 
while the shells of Khizopods are so minute as to be already 
fine grains, and may become compact rocks by simple con- 
solidation. 

The homstone in the limestones, as remarked on page 109, 
may be wholly of organic origin. 

2. Time-Satios. — Judging &om the maximum thickness of 
the rocks of the several Paleozoic ages in North America, 
and allowing th^t five feet of fragmental rocks may accumu- 
late in the time required for one foot of limestone, the rela- 
tive lengths of the Situnan, Devonian, and Carboniferous 
ages were not far from 3:1:1, and the Lower Silurian era 
was four times as long as the Upper. 

Thus time moved on slowly in the earth's first beginnings. 
The condition of the earth in an age of Mollusks, when 
only Invertebrates and Sea-weeds were living, — when all 
life was the life of the waters, and nothing existed above the 
ocean's level, — was very inferior to that of the Carbonif- 
erous, when the continents had their forests, the waters 
their fishes, and the marshes their reptiles. Yet the length 
of the time through which the earth was groping under 
the first-mentioned condition was at least three times that 
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under the last; and the earlier Lower Silurian era was four 
times as long as the Upper Silurian. Such was the divine 
system in the progress of creation. Such is time in the 
view of the infinite Creator. 

3. Gwpraphy. — (1.) dose of Azmc time. — The map on page 
73 shows approximately the outline of the dry land of 
North America at the close of Azoic time. The only moun- 
tains were Azoic monntains, the principal of which were 
the Laurentian of Canada and the Adirondack of northern 
New York. We cannot judge of the height of these moan- 
tains then from what we now see, after all the ages of 
Geology have passed over them, for the elements and run- 
ning water have never ceased action since the time of their 
uplift, and the amount of loss by degradation must have 
been very great. 

(2.) General Progress through Paleozoic time. — The increase 
of dry land during the Paleozoic has been shown (pp. 99, 
115) to have taken place mainly along the borders of the 
Azoic, so that the old nucleus has been oii the gradual 
increase. This increase is well marked ft-om north to south 
across New York. At the close of the Lower Silurian, the 
shore-line was not far ft-om the present position of the 
Mohawk, showing but a slight extension of tbe dry land in 
the course of this very long era; when the Upper Silurian 
ended, the shore-line extended along 15 or 20 miles south of 
the Mohawk. When the Devonian ended and the Carbonif- 
erous age was about opening, the coast-line was just north 
of the Pennsylvania boundary. Thus, the dry part of the 
continent was on the slow increase. 

The progress southward was at an equal rate in Wis- 
consin, where there is an isolated Azoic region like that of 
northern New York. In the intermediate district of Michi- 
gan, the coast made a deep northern bend through the Silu- 
rian and Devonian. In the Carboniferous the same great 
Michigan bay existed during the intervals of submergence; 
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but it was cbanged to a Michigan marsh or fi-eeh-water lake, 
filled with Coal-measure vegetation during the interrening 
portions of the Carboniferous period ; and at the same 
times, as explained on page 140, the continent east of the 
western meridian of Missouri had nearly its present extent, 
though not its mountains or its rivers. 

(3.) Regions of rock-making, and their differences. — The sub- 
merged part of the continent was the scene of nearly all 
the rock-making ; and this work probably went on over its 
whole wide extent. 

The rocks, as partially explained on page 144, varied in 
kind with the depth and with the exposure to the open sea. 

This Interior continental region, which was for the most of 
the time a great interior oceanic sea, afforded the conditions 
fitted for the growth of corals and crinoida and other clear- 
water species, and hence for the making of limestone reefe 
out of their remains ; for limestones are the principal rocks 
of tho interior. Yet there were oscillations in the level; for 
there are abrupt transitions in the limestones, and some 
sandstones and shales alternate with them. But these oscil- 
lations were not great, the whole thickness of the rocks, as 
stated on page 144, being small. 

The Appalachian region, on the contrary, presented the 
conditions required for fragmental deposits. It was ap- 
parently a region of immense sand-reefs and mud-flats, 
with bays, estuaries, and extensive submerged plateaus or 
off-shore soundings, such as might have existed in the face 
of the ocean. Here, too, the change of level was very great; 
for within this region occur the 6} to 7 miles of Paleozoic 
formations (p. 144), and even 9 miles, reckoning the maxi- 
mum amount of all the deposits. This vast thickness indi- 
cates that while there wore various upward and downward 
movements over this Appalachian region through Paleozoic 
time, the downward movements exceeded the upward even 
by the amount just stated. These movements, moreover, wero 
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in progrcBS from the Potsdam period onward ; the forma- 
tions of nearly every period in the Beries exceed 8 to 10 
times the thickness they have over the Interior region. 

(4.) Mountains of Paleozoic origin. — The mountains in 
eastern Xorth America, made in the course of the Paleozoic 
ages, were few. Those of the region south of Lake Supe- 
rior about Keweenaw Point, and to the west, probably rose 
during the latter part of the Potsdam period. The Green 
Kountain region became dry land after the Lower Silurian 
(p. 91) ; but there is no reason to believe that it was very 
much raised ; for the eastern half of Vermont was beneath 
the ocean, and became covered by coral reef^ and other 
formations during the Devonian age. The Devonian beds 
of the vicinity of Gasp6 may have been raised into ridges 
before the Carboniferous age began. But the larger part 
of the continental area was still without mountains. The 
Rocky chain had only some ridges as islands in the seas, 
and the Appalachians were yet to be made. 

(5.) Rivers — Lakes. — The depression between the New 
York and the Canada Azoic, dating from the Azoic age, 
was the first indication of a future St. Lawrence channel. 
It continued to be an arm of the sea, or deep bay, through 
the Silurian, and underwent a great amount of subsidence 
as it received its thick Canadian formations. After the 
Silurian age, marine strata ceased to form, indicating 
thereby that the sea had retired ; and fresh waters, derived 
from the Azoic heights of Canada and New York, probably 
began their flow along its upper portion, and emptied into 
the St. Lawrence Gulf of the time not far below Montreal. 

The raising of New York State out of water at the close 
of the Devonian suggests that from that time the Hudson 
valley was a stream of fresh water. The valley itself, and 
its continuation north as the Champlain valley, date from 
the close of the Lower Silurian. 

The Mississippi and its tributaries, oast and west, were 
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not in exietenco ia the Paleozoic ftgeB. In the intervals 
of Carboniferous verdure, when the continent was emerged, 
the Ohio and MissisBippi basin were regions of great 
marsheB, lakes, and bajouB, and not of great rivers; for 
rivers could not exist without a head of high land to supply 
water and give it a flow. 

Lake Superior waB a district of vast rock-deposits and 
extensive igneous eruptions in the Fotsdam period, or near 
the close of that period, as well as in the closing Azoic; and 
the thick acenmulations show that deep subsidences were 
then in progress there, as also in the region of the St. 
Lawrence; so that we may infer that the basin of this 
great lake was already in process of formation before the 
Lower Silurian closed. The extent and position of the great 
Kichigan bay through the Silurian and Devonian ages and 
much of the Carboniferous, as mentioned on pp. 99, 142, 
show that Lakes Erie, Huron, and Michigan wei'e then 
within the limits of this bay. Whether deeper or not than 
other portions of the bay, is not known. 

Thus, Geology studies the Geography of the Paleozoic 
ages, and traces North America through its successive 
stages of growth. 

4. Climate. — No evidence has been found through the 
Paleozoic records of any marked dilFerence of temperature 
between the zones. In the Carboniferous age the Arctic 
seas had their Corals and Brachiopods, and the Arctic lands 
their forests and marshes under dense foliage, no lesB than 
those of America and Europe. The facts on this subject 
are stated on p. 138. 

5. Life. — (1.) Appearance and disappearance of species. — 
With each new period in the progressing ages, new living 
species were introduced; and, as each period ended, the old 
more or less completely passed away, or were exterminated. 
There were also partial destructions attendiag the many 
minor changes in the rock-formations, as in the transition 
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from the formatioa of a bed of Bhale to that of sandstone 
or of limeBtone, or the reverse; and some new species made 
their appearance with each now stratam. Thus, destruc- 
tions and creations took place at intervale through the' 
whole course of the age«. 

(2.) The exterminations indicated not in harmony with any 
development-theory. — This extermination of the life of a 
period or epoch, according to the evidence gathered from 
the rocks, cut short not only species, hut genera, families, and 
tribes; and yet these same genera and tribes were often 
begun again by other species, and so continued on. Had 
the system of creation been dependent on the development 
of species from species, this would have been impossible. The 
' system could not have withstood the disasters it had to 
encounter. 

(3.) Beginning and ending of genera, families, and higher 
groups. — The following table of the tribe of Trilobites illus- 
trates the general character of the progress which took 
place in this and other groups : — 
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The vertical colnnuis correspond to the Lower and Upper 
Siloriaa, the Devonian, and the Carboniferous. The left- 
hand column under Lower Silorian corresponds to the first, 
or Primordial period; and the three colnmna under the 
Carboniferous, to the Snbcarboniferous, Carboniferoas, and 
Permian periods of the age. The widths of the columns are 
made to represent, as nearly as possible, the relative lengths 
of the eras. Opposite Trilobiikb, the black area shows 
that the tribe began with the beginning of the FaleoEoic 
and continued nearly to its end. Next there are the names 
of nine genera which existed only in the Primordial Period, 
each having then one or many species, but none afterwards. 
Then there are two genera, Olenae and Agnostus, which con- 
tinned from the Primordial through the Lower Silurian. 
Then, others confined to the rest of the Ijower Silurian ; 
others that passed into the Upper Silurian, then to become 
extinct; others that continued into the Devonian; and two 
genera confined to the CaFboniferoufi. These genera included 
more than 500 species. Of the Carboniferous 'genera the 
last species had been exterminated before the close of the 
age. 

In a similar manner the genera and families of Brachio- 
pods began at different periods or epochs, and continaed on 
for a while, to become, in general, extinct. Many genera 
ended in the course of the Paleozoic and at its close ; only 
a few continued into later periods. 

(4.) Long-lived genera. — Two Lower Silurian genera of 
Brachiopods continue from the Primordial period, not 
only through Paleozoic and Mesozoic time, bnt onward to 
the present age, having species in existing seas. They are 
Lingtda and Discina. It will he noted that these genera 
survived through the long ages of the past, not by the 
uninterrupted existence of any of their species, but by the 
perpetuating of the type of form and structure character- 
izing the genera in a succession of distinct species. 
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(5.) Unity of plan in nature, — ^These long generic linea, 
stretching on with such anifomuty from the veiy begin- 
nings of life on the globe, are proofs of the unity of plan 
through the system of creation. 

(6.) Permanency of types, notwUhstanding the in^uence of 
external causes. — As this nniformity has remained in spite of 
th:e vast physical changes the globe has undergone since life 
began, it is evidence of the strongest kind ae to the little 
power which external causes have towards producing 
changes in types. 

The facts bear abundant testimony to a Creating Power 
above nature, carrying forward a preordained plan. More- 
over, there is evidence even in the Paleozoic records — their 
coal-beds, iron-ores, and the system of life in progress of 
expansion — that this plan involved the ftiture existence of 
a being that should have knowledge to use the coal and iron, 
and power to read the records and diecem in God's marvel- 
lous works His wisdom and beneficence. 

(7.) &en&al characteristics of Paleozoic life. — Both plants 
and animals were marine through, or till near the close of, the 
Silurian age. In the Devonian age there were terrestrial 
plants and animals, and a atill greater diversity of life over 
the land in the Carboniferous. The characteristics of the 
life of the Silurian age are mentioned on page 103; of that 
of the Devonian, on page 116; and of that of the Carbonif- 
erous, on page 125. 

(8.) Special Paleozoic peculiarities of the life. — The follow- 
ing facts show in what respects the life of the Paleozoic 
ages was peculiarly ancient : — 

a. Not only are the specie all extinct, but almost every 
genus. But IS or 16 of the genera which existed in the 
course of the Paleozoic have living species; and all these 
are Molluscan. 

b. Among Radiates, the Polyps were largely of the tribe 
of CyathophyUoid corals, which is exclusively ancient, or 
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Paleozoic, not a species having lived after the close of the 
Carboniferous age. The Ecbinodcrms were mostly Cri- 
Hoids, and these were in great profusion. Crinoids were 
far less abnndant, and of different genera, in the Mesozoic; 
and now, very few exist. 

c. Among UoUnsks, Brachiopods were exceedingly abun- 
dant : their fossil shells far outweigh those of alt other Jktol- 
laeks. They were much loss numerous than other UoUusks 
in the Hesozoic ; and at the present time the group is nearly 
extinct. The Cephaiopods were represented very largely 
by Orthocerata, but few species of which existed in the early 
Uesozoic, and none afterwards. 

d. Among Articulates, Trilobites were the most common 
Crustaceans, — a group exclusively Paleozoic. 

c. Among Vertebrates, the Devonian Fishes were either 
Ganoids or Selachians, and the Ganoids were the heteroeer- 
col species. Of heterocercal Ganoids, but few species lived 
in the first period of the Mesozoic; and the whole group of 
Oanoids is now nearly extinct. Of the Selachians, a large 
proportion were Ceatracionts, — a tribe common in the Heso- 
zoic, bat now nearly extinct. 

/. Among terrestrial Plants, there were Lepidodendra, 
Sigillarice, Calamites in great profusion, making, with Coni- 
fers and Ferns, the forests and jungles of the Carboniferous 
and later Devonian : no Lepidodendron or Sigillaria existed 
aflerwards, and the Calamites ended In the Mesozoic. 

Thas, the Paleozoic or ancient aspect of the animal life 
was produced through the great predominance of Brachio- 
pods, Crinoids, Cyathophylloid Corals, Orthocerata, Trilobites, 
and heterocercal Ganoids; and that of the plants over the 
land, through the Lepidodendra, Sigillarice, and Calamites, 
along with Ferns and Conifers. In addition to this should 
be mentioned the absence of Angiosperms and Palms among 
Plants ; the absence of Teliost Fishes, Birds, and Mammals, 
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among V«rtebrat«B> a.v<l o£ nearly all modern frt&es of genera 
among Badiates, Molluaks, and Articulates. 

g. Mesozoic and Modem type* begun in Paleozoic time. — The 
principal Mesozoic type which began in the Fale<»oie was 
the Beptilian. But besides Reptiles there were the firet of 
the Decapod Crustaceans; the first of Oysters; and the first 
of the great tribe of Ammonites, the Chniatitea being of tbiB 
tribe. 

The type of Insects, or terrestrial Articulates, belongs 
eminently to modern time; for it has now its fullest dis- 
play. It dates from the existence of terrestrial plants 
in the Devonian. 

Thus, while the Paleozoic ages were progreBsing, and the 
types peculiar to them were passing through their time of 
greatest expansion in numbers and perfection of structure, 
there were other types introduced which should have their 
culmination in a future age. The Beptiles and Goniatites 
of the later PaleOEoic were precursors of the Age of Bep- 
tiles which followed, in accordance with the principle exem- 
plified in all history, that the characteristics of an age com- 
mence to appear in the age preceding. 

DISTURBANCES CLOSING PALEOZOIC TIME. 
1. General quiet of the Paleozoic Ages. — The long ages of 
the Paleozoic passed with but few and comparatively small 
disturbances of the strata of eastern North America. There 
were some early permanent uplifts in the Lake Superior 
region, and along the course of the Green Mountains, and 
some later in the district of 6aepe near St. Lawrence Bay; 
there was, through the ages, a gradual increase on the north 
in the amount of dry land; there were, through parte of all 
the periods, slow oscillations in progress, varying the water- 
level and favoring the increasing thidcnees of the rocks, 
and their successive variations as to kind and extent. But 
these changes were probably caused by exceedingly slow 
movements of the earth's crust, — prohabij- lees than a foot 
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a century. There may have been occasional quakinga of 
the earth, — even exceeding the heaviest of modoro earth- 
qnakee. There may have been at timea sudden raisings or 
sinkings of the continental cmst. But, while there were some 
uplifts, aH above mentioned, there is nothing in the condition 
of the strata indicating a general or exteuBive upturning. 

2. The Appalachian the region of greatest change of level 
through the Paleozoic Ages. — The region of greatest move- 
ment daring these ages was the Appalachian. For it has 
been shown that the oscillations which there took place 
resulted in subsidences of one or more thousand feet with 
nearly every period of the Paleozoic. The oscillationg 
ceased in the Green Mountain portion after the close of the 
Lower Silurian era, but not until the subsidenro there had 
reached at least 10,000 feet ; and in Pennsylvania and Vir- 
ginia they continued through a large part of the Carbonif- 
erous Age, until the sinking amounted to 35,000 or 38,000 
feet. But all this sinking was probably quiet in its progress, 
as is proved by the regularity in the series of strata. 

The thickness of the coal-beds indicates that the coal- 
plant marshes were long undisturbed, and therefore that 
long periods passed without appreciable movement. 

8. Approach of the epoch of Appalachian revolution. — The 
- era of comparative quiet alluded to came gradually to a 
"close as the Carboniferous age was terminating, and an 
epoch of upturning, metamorphism, and mountain-making 
began. There are mountains to testify to this bolb in 
Europe and America. 

In eastern North America the disturbances affected the 
Appalachian region and Atlantic border from Newfoundland 
to Alabama, and the Appalachian mountains are a part of 
the result. The epoch is hence appropriately styled the 
epoch of the Appalachian revolution. The region in eastern 
America of the deepest Paleozoic subsidence and of the 
thickest aconmulation of Paleozoic rocks was now the 
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rogiOQ of th« profoandeBt diatnrbaiiGes and the greatest 
uplifts. 

4. Effects of the 'disturbances. — The following are among 
the effects of the disturbances along the Appalachian region 
and Atlantic border : — 

(1.) Strata were upraised and flexed into great folds, 
many of the folds a score or more of miles in span. 

(2.) Deep fissuras of the earth's crust were opened, and 
faults innumerable were produced, some of them of 10,000 
to 20,000 feet. 

(3.) Books woru ooDBolidated; and, over a large part of 
New England and the more southern Atlantic border, sand- 
stones and shales were crystallized into granite, gneiss, 
mica and argillaceous schist and other related rocks, and 
limestone into architectural and statuary marble. 

(4.) At the same time, the crystallized and consolidated 
rocks had their fractures filled with mineral material mak- 
ing veins, — some of them being filled with rock alone, mak- 
ing veins of qnartr, granite, etc.; others with rock and 
associated metallic minerals, making metallic veins, aa of 
lead-ore, copper-ore, gold; others were made containing 
gems, OS topaz, beryl, and the like. Diamonds, also, are 
among the results of the metamorphism. 

(5.) Bituminous coal was turned into anthracite in Penu- 
eylvania and Bhode Island. 

(6.) In the end, the Appalachian mountains were made. 

b.^kiidence of the flexures, uplifts, and metamorphism. — 
The evidence that the rocks of the Appalachian region and 
Atlantic border were flexed, uplifled, faulted, and otherwise 
changed from their original condition, is as follows : — 

The Coal measures and other Paleozoic strata, though 
originally spread out in horisontal beds, are now in an 
uplifted and flexed or folded condition; and they are so 
involved together in one system of flexures and uplifts that 
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the whole maet have beeo the result of one system of move- 
meiits. figures 250-253 illustrate this. 




Fig. 250 shoTTB the condition of the j^nthracite coal-beda 
of Mauch Chunk in Pennsytvama Some of the upturned 
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beds, as is seen, etand nearly vertical. Fig. 251 is from 
another locality near Pottsville in the same State. The coal 
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beds are the upper ones below 14; the rest are the beds 
of the Upper and Lower Silurian (2 to 7); the Devonian (8, 
10, 11), and SubcarboniferouB (12, 13). Fig. 252 was taken 
from the vicinity of Bore Springs in Virginia, and includes 
Silurian and Devonian beds : it shows well the folded cha- 
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racter of the rocka. Fig. 253 represents one of the great 
faults in soathern Virginia (between Walker's Mountain and 




nimun Virginia, bctimn 
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Peak Hills); the break is at F, and along it the rocks on the 
left were shoved up along the sloJ)ing fracture antil a lower 
Silurian limestone (a) was on a level with the Sabcarbonif- 
erous formation (d), a fault of at least 10,000 feet. Such 
examples are in great numbers throughout the Appalachians. 
In many of the transverse valleys the curves may be traced 
for scores of miles. 

Ae shown in the above sections (figs. 250-2.53), the folds, 
instead of remaining in regular rounded ridges with even 
synclinal valleys between, such as the flexing of the strata 
might make, have been to a great extent worn away, or 
modelled into new ridges and valleys.by the action of waters 
during subsequent time ; and oft,en what was the top of a fold 
is now the bottom of a valley, because the folds would be most 
broken where most abruptly bent, — that is, along the axes 
of flexure, — and hence would be moat liable in this part to be 
cut away or gorged out by any denuding causes. The figures 
on page 41 illustrate still further the condition of folded 
strata before and after denudation. Some of the Appala- ' 
chian folds were probably 20,000 feet in height above the 
present level of the ocean, or would have had this height if 
they bad remained unbroken, while in fact the loftiest sum- 
mits now are less than TOOO feet, and few exceed 5000 feet. 

Over New England there arc similar flexures, those of 
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the Bhode Island coal formation are very abrupt, and full 
of faults, the coal-beds being much broken and displaced. 
Through eastern Vermont, and in Massachusetts for some 
distance west of the CouDecticut Biver, there are Devonian 
strata in the same condition; although the rocks are in 
general crystalline, Devonian fossils have been found at 
Bemardston in Massachusetts, and on Lalie Memphremagog. 
At the latter place there was once a coral-reef (p 105). It 
is inferred from the facts that even the granites, gneiss, and 
slates of the White Mountains, and the gneiss of Haddam, 
Connecticut, were originally Devonian sedimentary strata, 
and that all New England is made of folded and meta- 
morphosed Paleozoic rocks. 

Similar facts might be cited from Nova Scotia on the 
north and Alabama on the south, proving that a region 1000 
miles in length along the Atlantic border, from Newfound- 
land to the Gulf States, participated in the grand movement. 

6. General truths with regard to the results. — The following 
are some of the general truths connected with the uplifts 
and metamorphism : — 

(1.) The courses of the flexures and of the outcrops or 
strike, and those of the great faults, are approximately 
northeast, or parallel to the Atlantic border. There is a 
bend eastward in Pennsylvania corresponding with the 
eastward bend of the southern coast of Kew England, and 
then a change to the northward in New England. 

(2.) The folds have their steepest slope towards the north- 
west, or avr&j from the ooeem. If fig. 41 (page 42J represent 
one of the folds, the left would be the ocean side, or that to 
the southeast, and the right the landward side, or that to 
the northwest. 

(3.) The flexures are most numerous and most crowded 
on that side of the Appalachian region which is towards the 
ocean, and diminish westward. There is seldom, however, 
a gradual dying out westward, the region of disturbance 
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being often bounded on the west by one or more of the 
great fractares and faults, aa in eastern Tenneaeee and along 
the valley of the Hudson. 

(4.) The wearing away of the enmmita of the folds when 
crowded together produces a series of southeast dips, as 
illustrated in figures 41, 42 (p. 42). Snch southeast dips, 
not looking as if they were ever due to folds, characterize 
the rocks of much of New England and the eastern part of 
the Appalachian region. 

(5,) The metamorphism of the strata is more extensive 
and complete to the eastward (or towards the ocean) than 
to the westward. 

(6.) The change of bituminous coal to anthracite, by an 
expulsion of the bitumen, was most complete where the 
disturbances were greatest, — that is, in the Eastern coal 
regions. The anthracite region of Pennsylvania (see map, 
p. 118) owes its broken character partly to the uplifts and 
partly to denudation. To the westward, the coal is first 
semi bituminous, and then, as at Pittsburg, true bituminona. 
In Ehode Island, where the associated rocks are partly true 
metamorphic or crystalline rocks and the drstarbances are 
very great, the coal is an excessively hard anthracite, and 
in some places is altered to graphite (an effect which may 
be produced in ordinary coal by the heat of a furnace). The 
bed of graphite near Worcester in Massachusetts is sup- 
posed to be an altered coal seam. 

7. Oondmions. — These facts lead to the following conclu- 
sions : — 

(1.) The movement producing these vast resnlts was due 
to lateral pressure, the folding having taken place just as it 
might in paper or cloth under a lateral or pushing movement. 

(2.) The pressure was exerted at right ani^Iea to the 
courses of the folds, as is the case when paper is folded in 
the manner mentioned, 

(3.) The pressure was excrlod /rom tho ocean side of the 
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Appalachians ; for the reanlts in I'oldiogs and metamorphisia 
are most marked towards the ocean. 

(4.) The force was vaat in amount. 

(5.) The force va& alow in action and long continued, — and 
not abrupt or paroxyanrtal as when a wave or series of 
waves is thrown np by an earthquake shock on the surface 
of an ocean. For the strata were not reduced by it to a 
state of chaoH, but retain their stratification, and show com- 
paratively little GonihsioD, even in the regions of greatest 
disturbance and alteration. 

(6.) The action of the force was connected with the emis- 
sion of heat. For without some heat above the ordinary 
temperature, it is not poesiblo to account for the consolida- 
tion and cry Bt alii z at ion of the rocks. 

(7.) The history of tbo Appalachian Mountains stretches 
through all the geological ages from the Azoic onward. 
Through the Silurian, Devonian, and Carboniferous ages, 
the formations were accumulating to a great thickness, 
while slow oscillations of level were in progress. When the 
Carboniferous age was closing, these oscillations, which had 
resulted in a subsidence of several miles, began to culminate 
in profounder movements, producing flexures of the earth's 
crust, uplifts, faults, consolidation, and metamorphism, and 
ending in the elevation of the mountains. And finally, during 
these upliftings, moving waters commenced the work of 
denudation, — the chiselling of the heights, which has con- 
tinued to the present time. 

8. Disturbances on other continents. — The amount of cotem- 
poraneous mountain-making over the globe at this epocli 
has not yet been clearly made out. Enough is known to 
render it probable that the TJral Mountains, with their 
veins of gold and platinum, were made at the same time 
with the Appalachians, and that uplifts and metamorphism 
also occurred in other parts of Europe, and in Great Bri- 
tain. Murchison states that the close of the Carboniferoua 
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period was specially marked by distarbances and uplifts; 
-that it was then " that the coal strata aod their antecedent 
formations were very generally broken np, and thrown, by 
grand npheavala, into separate basins, which were fractured 
by numberless powerful dislocations." 

The epoch of the Appalachian revolution was, then, a 
grand epoch for the world. The complete extermination of 
life which took place at the time was probably a consequence 
oflhese great physical changes progressing over the earth's 
surface. The Appalachian Mountains stand up as boldly 
between Paleozoic and Mesozoic time as between the ocean 
and the Interior Continental basin. 



m MESOZOIC TIME. 

1. Ages. — Mesozoic or medieval time, in Geological his- 
tory, comprises but one age, — the Repxii-ian. In the coarse 
of it, the class of Reptiles passed its culmination b ; — that Is, 
its species increased in numbers, size, and diversity of forms, 
until they vastly exceeded in each of these respects the 
Eep tiles of either earlier or later time. 

2. Area of progreis in rock-making.— The area of rock- 
making in N'orth America, during Mesozoic time, was some- 
what different from what it was in Paleozoic. Then, nearly 
the whole continent, outside of the northern Azoic, was 
receiving its successive formations ; and the three great 
regions were the Eastern border, the Appalachian, and the 
Interior Continental. By the close of the Paleozoic era, the 
Appalachian region and the Interior east of the Mississippi, 
excepting its southern portion, had become part of the dry 
land of the continent, as is shown by the absence of marine 
strata of later date. The great areas of progress were con- 
sequently changed, and became— (1) the Atlantic border, 
(2) the 0uif border, and (3) the Western Interior, or region 
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Wflatof the Miseissippi. In other wordH,tfae continent, from 
the Ifesozoic onward, until the close of the Tertiary period 
Id the Oenozoic, was receiving its new marine formations 
only along its borders and over the part of the Interior 
region which covers the present site of the slopes of the 
Rocky fountain 8. 

These three regions are continuous with one another, the 
Atlantic connecting with the Gulf border region on the 
aontb, and the Gulf border region passing northwestward 
into the Western Interior or Bocky Mountain region. 

In Europe no analogous change can be distinguiBbed; for 
the continent was, from the first, an archipelago; and it 
continued to bear this geographical character, though with 
an increasing prevalence of dry land, until the Cenozoic era 
had half passed. Western England then stood as three or four 
islands above the sea (the area marked as covered by Paleo- 
zoic rocks on the map, p. 120), and the area of future rock- 
msking was mainly confined to the intervals between these 
islands and to the submerged area on the east and southeast; 
and it is probable that this area and a portion of northeast- 
ern France were part of a large German-Ocean basin. 

BEPTILIAN AGE. 
Period*. — The Eeptilian Age includes three periods : — 

1. Triassic; — named from the Latin tna,tkree,ia allusion 
to the fact that the rocks of the period in Germany consist 
of three separate groups of strata. This is a local subdivi- 
sion, not characterizing the rocks in Britain or in moat 
Other parts o^ Europe. 

2. JuEAssic : — named from the Jura Mountains, situated 
on the eastern border of Prance, between France and 
Switzerland, where rocks of the period occur. 

8. Cretaceous : — named from the Latin creta, chalk, the 
chalk beds of Britain and Europe being included in the 
Cretaeeons formation. 
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1. TBIASSIC AND JCEASSIC PERIODS. 
1. Rooks: loads and diBtribntion. 

The American rocks of the Triaasic period have not yet 
been separated from those of the Jurassic, except in a few 
points west of the Mississippi. 

In the Atlantic border region, these Mesozoic rocks occupy 
narrow ranges of country parallo] with the Appalachian 
chain, following its varying courses. One of these ranges 
occupies the valley of the Connecticut between northern 
Massachusetts and New Haven on Long Island Sound, 
and runs parallel with the Green Mountains: it has a 
length of about 110 miles. Another — the longest of them 
— commences at the north extremity of the Palisades, on 
the west bank of the Hudson River, and stretobes south- 
westward through New Jersey, Pennsylvania (hero bending 
much to the westward, like the Appalachians of the Stato, 
as shown in the map on page 118), and reaching far into the 
Stato of Virginia. Another stretches — almost in the line of 
the last — through Korth Carolina. There is another along 
western Nova Scotia. These, and some other smaller areas, 
are indicated on the map on p. 69 by an oblique lining in 
which the lines run from the right above to the left below. 

The rocks are mainly sandstones and conglomerates, but 
include some considerable beds of shale, and in some places 
a bed of impure limestone. The sandstones are generally 
red or brownish-red. The freestone of Portland, near Middle- 
town in Connecticut, and of Newark in New Jersey, are 
from the formation. The pebbles and sand of the beds were 
derived from the granites, gneiss, schists, etc. that were 
crystallized in the epoch of the Appalachian revolution; 
and in some of the coarser kinds large stones of granite, and 
mica schist may be taken fVom the layers. The strata 
overlie directly, but un con form ably, these metamorphic 
rocks. Near Richmond in Virginia and in North Carolina 
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tbero are valuable coal-beds in this fbrmatlon. The cool is 
bituraioouB. • 

The several ranges of this eandstone formation are 
remarkable for the great narober of trap ridges and trap 
dikes intersecting them (p. 80). Uount Holyoke in Maesu- 
chusetts, East and West Kocks near New Haven in Connoc- 
ticut, and the Palisades on the Hudson, are a few examples 
of these trap ridges. Trap is an igneous rock, one that nas 
ejected in a melted state from a deep-seated eourco of fire, 
throngh fisaures made by fracturing the earth's crust. The 
dikes and ridges are exceedingly numerons, and bnve the 
same general course with the sandstone ranges. They are 
so associated with the sandstone formation that there 
appears to be some connection in origin between the water- 
made and tbe fire-made rocks. The proofs that the trap 
came up through the fissures in a melted state are abundant; 
for the wall-rock of the fissurco is often baked eo as to 
be very hard, and is sometimes filled with crystallizations, 
as of epidote or tourmaline, evidently due to tbe heat. 

West of the Mississippi — that is, in the Western Interior 
region — there is a sandstone formation containing much 
gypsum (and hence called the Qypsiferous formation), which 
is barren of fossils, except an occasional fragment or trunk 
of fossil wood and some Reptilian remains. It probably 
spreads widely over the Eocky Mountain region beneath 
the later beds. It comes out to view on the western borders 
of Kansas, and also in the Colorado region beyond the sum- 
mit of the Rocky Mountains. Owing to the absence of 
marine fossils, it has not been determined whether the 
formation is Triassio, lower Jurassic, or both united. 

In the vicinity of the Black Hills in the region of the 
upper Missouri, there are some beds of impure limestone 
containing marine fossils which are true Jurassic. (Meek 
and Hayden). These beds overlie the gypsiferooB forma- 
tion just mentioned. 
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In Europe the Triasaic roeka of eaetern France and Ger- 
many, east and west of the Khinfi, consiBt of a Sbell limo- 
Btoae (called in German Muschelkalk) between an nnderlying 
thick reddish Bandstone (^Bunter Sandstein) and overlying 
strata of reddieh and mottled marlites and sandstono {Keu- 
per of the Germans). In England (see No. 6 on map, p. 
120), the rock ib a reddish Bandstone and marlite ; it is 
mostly confined to a region mnning north-northwest just 
east of the Paleozoic areas mentioned on page 163, and to 
an extension of this region westward to Liverpool bay (or 
over the interval between the two main areas) and up the 
west coast. 

This formation, in Europe, contains in many places beds 
of salt, and is hence often called the Saliferons group. At 
Northwich in Cheshire, in England, there are two beds of 
rock-salt, 90 to 100 feet thick; and in Europe there are 
similar beds at Yio and Bieuze in France, and at Wnrtem- 
berg in Germany. 

The Jurassic rocks of Britain and Europe are divided 
into three principal groups ; — 

1. The Liassic (No. 7 a on map of England, p. 120), con- 
sisting of grayish compact limestone strata, called Lias. 

2. The Oolitic (No. 7 6 on map, p. 120), consisting mostly 
of whitish and grayish limestones, part of them oolitic (p. 
25). One stratum, near the middle of the series, is a coral- 
reef limestone, much like the reef-rock of existing coral 
seas, though wholly different in species of coral. Near the 
top of the series there are some local beds of fresh-water or 
terrestrial origin, in what is called the Pnrbock group,' and 
one on the island of Portland is named, significantly, the 
Portland dirt-bed The Solenhofen lithographic limestone is 
a very fine-grained rock (thereby fit for lithography), of 
the age of the Middle Oolite, occurring in Pappenheim in 
Bavaria. 

3. The Wealden (No. 8 on the map of England) : a series 
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of beds of estuary and fresh-water origin, mostly clay and 
eand, but partly of limcBtone. They occur in southcucitern 
England. They are named Wealden from the region where 
fii-st studied, called the Weald, covering parts of Kent, Surrey, 
and Sussex ■ 

2. lOfo. 
1. Hants. 
The vegetation of the Triassic and Jurassic pcrioiis 
included numerous kinds of Ferns, both largo and email, 
CalamiteSf and Conifers, and ao far resembled that of tbo 
Carboniferous age. But there were no forests or jungles 
of Lepidodondra and Sigillarira. Instead of these Carbon- 
iferous typcB, a new group of trees and Hhruba exifited, — 
that of the Cycads. This group was eminently character- 
istic of the Mcsozoic world : it has now but few living 
species, and among the genera, Cyca^ and Zamia are those 
whose names are best known. 
The plants have the aspect '**■ 

of palms; and there was, 
therefore, in the Mesozoic 
forests a mingling of palm- 
liko foliage with thatof Coni- 
fers (spruces, cypress, and 
the like). ButtbeCycadsare 
not true Palms. They are 
Gymnospems, like the Coni- 
fers both in the structure of 
the wood and in the fruit. ' 
The resemblance to Palms is 
mainly In the cluster of great 

leaves at the summit, and in ^g. ^n, lht of a iWDg ziuni* (xAli Jw, 
the appearance of the ex- ^tmop of uie cjcn, M«ni«iii« (Cjudeoi- 
terior of the trunk. Fig.264 •"' —■'•»"»• I x*'- 
represents the leaf of a modern species reduced to ono- 
twentieth the actual length ; and f\g. 255 the trunk of 
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a foBsil Species from the Portland dirt-bed, where they 
are common. The trunks of some Cycads havo a height 
of 15 or 20 feet. Although the form of the leaf is palm- 
like, the leaflets do not split lengthwise with facilitj, like 
those of Palms. In one important respect these Cjcads 
resemble the Ferns, — that is, in the unfolding of the young 
leaf, — the leaf being at first rolled up into a coil, and gra- 

Figa. 258-260. 



1 p»"'lil'>'il« i K*. CUlhropteHi 
«0, CjcloptBris llnoBl foils. 

dually unrolling as it expands. The Cycads thus combine 
peculiarities of three orders of plants, — Ferns, Palms, and 
Conifers, — and are examples, therefore, of what are called 
comprehensive types. 
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sil plants are common in the coal regione of Richmond, 
, and in Korth Carolina, and occur also iD othar 
I. The following figures repreaent some of the Bpe- 
ciee. Figs. 256, 257 are parts of tho leaves of two species 
of Cycads, from North Carolina. Figs. 258 to 260 repre- 
sent a few of the ferns r fig. 258, a Clathropteris, from East 
Hampton, Mass.; fig. 259, a Pecopteris, from Kichmond, 
Ta., and the Trias of Europe; fig. 260, a Cyclopteris, from 
Richmond, Va. Large cones of firs have also been foDod. 
Several of tho American plants ara identical in species with 
those of the European Triaesic, and a few nearer to Jurassic 
forms. 

2. AniiMis. 

A. AMeatoAFf. 

The American beds of the Atlantic border region ate 

remarkable for the absence of true marine life: all the species 

appear to be either those of brackish water, or of fresh 

water or the land. 

1. Madiatee and Moltusks. — Radiates are unknown. There 
are very few Mollusks of any kind, and these are Conchifers. 

2. Articulates. — The shells of Ostracoid Crustaceans are 
oommon in Pennsylvania, Virginia, and Korth Carolina, 
but have not yet been found in New England. Fig. 261 
represents one of the little shells of these bivalve 
species, called an Eatheria. It was long supposed to Ffg-SAi. 
be Mollnscan. The Estheries are brackish- water ^^^ 
species. ^^^^ 

A few remains of Insects have been found, and, ^^"^ 
what is more remarkable, the tracks of several 
Bpecies. These tracks were left on the soft mnd probably 
by the larves of the Insects, for certain kinds pass their 
larval state in the water. Fig. 262 represents one of these 
larves found in shale at Turner's Falls in Massachnsetts; 
it rosembleB, according to Dr. le Cent©, the larve of a 
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modem Ephemera. Figs. 263, 264 arc the tracks of Insects. 
Prof. Hitchcock has named nearly 30 species of tracks of 
Insects and Crustaceans. 

Vertebrates. — There are evidences of the existence of 
Fishes, Reptiles, Birds, and 
Mammals. The last two types 
here make their first appear- 
ance, and thus the sub-king- 
dom of Vertebrates is finally 
represented in all its classes. 

The Fishes found in the 
American rocks are all Ga- 
noids, although Selachian re- 
mains are common in Europe. 
Fig. 265 represents one of the j^^.^^ 
species, rednoed one%alf *=■" 

Tig. 265. 



Ttg. «&, GiHoiD, CutopMma gndlli (X }^; ', Stsla et hum, imtDna >1». 

The Reptiles of the era are known to ns partly from their 
fossil bones and partly from their footprints. The foot- 
prints indicate a wonderful variety as to form and size. 
Bones have been found especially in Pennsylvania, North 
Carolina, and Nova Seotia. Fig. 266 represents a tooth, 
half the natural size, of a Nova Scotia species (Batkygnathus 
boTealis of Leidy) ; and fig. 267, a tooth of another, from 
North Carolina, Patceosaurus_Carolinensie Emmons. Several 
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kindB occur at FhcenixTille, Pa., where there is literally a 
bone-bed. 

Fige. 268-270 represent the tracks of three Bpecies of 
Beptiles from the Connecticat valley bedB; 2S8-270 are 

fig*. 2a6-:7o. 




Reftilib Fig -Xt, BdthjKnaUiiu 1»iwlli(x^l ^, Faleo 
KcHon of BUDS 268, 269 a, fitn ud hind ftiel of AnlaDpiu Dt 
Id. or A. gracilli (Xl); 270, ZlOa, Id. ot Olonmni UoodU (X 



II CuKillnniiiii 287 n. 



the impressious made by the fore-foot in each, and 268 a, 
269 a, 270 a, of the hind-foot. Fig. 270 is reduced to one- 
eighteenth the natural size, the actual length of the track 
heing 20 inches. The animal is called Otozoum Moadii by 
Hiliihcoek : it appears to have walked like a biped, bringing 
its fore-feet to the ground only occasionally, impressions of 
these feet being seldom found. The animal had a stride of 
3 feet, and must have been of formidable dimeDsions. One 
Blab, 80 feet long, in the collection of Amherst College 
(Massaobn setts) contains II tracks of this huge animal. 
Some of the Reptiles made three-toed tracks, ^closely like 
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tbose of birds; and this fact has led some to question whe- 
ther all may not be Reptilian. 

The tracks regarded us those of birds are also very nume- 
rous. The largest of them is nearly 2 feet long (fig. 271), 
far exceeding that of an Ostrich, and even snrpassing'tbat 
which the giant Moa of New Zealand might have made (p. 

Figt. S71, 2TZ. 




Fig, 211, Truk of Br 



241). Fig. 272 represents, on a small scale, a slab from the 
Connecticut River sandstone covered with tracks of birds 
and reptiles, as figured by Hitchcock, The two tracks 
lettered a are added, of larger proportional size than the 
otiiers, to show more distinctly the form. 

The only relic of a Mammal yet discovered in the Ameri- 
can rocks is a jawbone (fig. 273). It is from North Caro- 
lina^ and is named Dromutheriwn. sylveetre by Eramons. It 



..cdbyGooyk" 



> JVBABBIG PIBIOM. 



173 



belongs, to the order of Marsupials, the samo which con- 
taina the modern Opossum. 

The facts prove that the land-population of Mesozoio 
America included Insects, 

Kettles, Birds, and Marsu- /^ . 

■pial Mammals, and that the y^ ^'^N^A'VVHiial'l^^ /* 
forests that covered the bills ( ^^ — =^ ^^ 

were mainly composed of 
Conifers and Cycads. 

B. FOEEIQN. 

The European and British rocks of these periods, espe- 
cially of the Jurassic, abound in marine fossils, and afford a 



iLd. BDcrlnoa UUUbniilat 



knowledge of the Mesozoic life of tbe ocean which we fail 
to got fi-om the American records. The remains of terres- 
trial life are also of great interest, and, like the American, 
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they attest the exietoncc of Birds and Mammals in the course 
of the era. 

1. Radiates. — Polyp-corals are common in some Jurassic 
strata : thoy are related to the modern tribe of corab, and 
not to the ancient: none of the Paleozoic types existed. 
Fig. 274 is one of the oolitic species. Crinoids are of many 
kinds, yet their number, as conipared with other fossils, is 
far less than in the preceding ages ; and they are accompa- 
nied by various new forms oi Star-fishes and Echini (p. 57). 
Fig. 275 represents one of the Triassic Crinoids, the i%- 
Encrinite, or Encrimis liWformis; fig. 276, an Echinus, from 



MaiiusKS.— Fig. ZIS. SpJrifer Wslcatti; ZIS, Grrphsa srcnntn; ISO, THgonli cUnlIkU; 

the Oolite, stripped of its spines, and fig. 277, one of the 
spines separate. 

2. Mollusks. — Brachiopods are few compared with the 
Paleozoic. The last species of the Paleozoic families of the 
Spirifers and Lepta^nas lived in the earlier part of the Juras- 
sic period. Fig. 278 represents one of these last of the Spiri- 
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for group. Conchifers and Gaateropoils abound in epccicB, 
and nnder various new, and many of them modern, genera. 
The gcnas Gryphaa (fig. 279 representing a Liannic species) 
is common in tlie Lias and later Mesosoic rocks: it in an 
oyster with the beak iucurvetl. TrUjonia (fig. 280) is a cha- 
racteristic geiiud of the Mcsozoic. TL« name alludes to the 
triangular form of the shell : the species figured is from tin; 
Oolite. I'ig, iiyi represouts a fi-cwh-water Minil-xlicii, a very 
abundant fossil in fresh-water limestone of the Wealden, 
closely reaembliog many modern s]>ecies. 

But the most remarkable and characteristic of all Mesozoic 
Mollusks were the Cephalopods. This order passed its maxi- 
mum as to number and size in the Mesozok-, and hundreds 
of speciee existed. The last of the Paleozoic tj'pe of Ort/io- 

Fip.. 2B?. ?'>3. 



MoiJ,o«».~Fig. 28Z, AmmoBltMnnniphrcj-Biwiuii; aS3, A.J«w,n. 

eerata and Goniatttes lived in the Triassie Period. In the 
same period began the genus Ammonites, the most common 
of the Mesozoic genera, and in the earliest Jurassic tho 
family of Belemnifi^s. another peculiarly Meeozoic type. 
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Tho Ammonitea had external ehells like the Nautili (p. 55). 
Two Oolitic Bpeciee are represented in figs. 282, 283. One 
of them (flg. 283) has the Bide of the aperture very much 
prolonged; but the margin of the shell, whether prolonged 
or not, is seldom well preserved. The partitions (or eepta) 
within the shells of Ammonites are bent back in many folds 
(and much plaited within each fold) at their junction with 
the shell, so as to make deep plaited pockets. The front 
view of the onter plate, with the entrances to its side- 
pockets, are seen in fig. 284. The fleshy mantle of 
the animal descended into these poeketa, and thus the 
animal was aided in holding firmly to its 
shell. The eiphuncle in the Ammonites is *''S- ^^ 
dorsal. Tho Paleozoic Goniatites were of the 
Ammonite family, but the pockets were much 
more simple, the flexures of the margins of 
the partitions being without plications. 

The fossil Belemnite is the internal bone of ' 
a kind of Cephalopod, analogous to the pen 
or internal bone (or osselet) of a Sepia, or Cut- 
tle-fish (see fig. 289). It is a thick, heavy fos- 
sil, of the forms in figs. 285, 286, having a 
conical cavity at the upper end. The fossils 
are more or less broken at this extremity; . „,, , _ 
when entire, the margin of the aperture is 
elongated into a thin edge, and sometimes, on one side, into 
a thin plate of the form in fig. 287. The animal had an ink- 
bag like the modern Sepia; and ink from these ancient 
Cephalopods has been used in sketching their fossil remains. 
Fig. 288 represents one of tho ink-bags of the Jurassic 
Cephalopods. Pig. 289 is another related Cephalopod, show- 
ing something of the form of the animal, and also the ink- 
bag in place. 

3. Articulates. — The Articulates included various shrimps, 
or craw-fishes (fig. 290, a Triassic species), Crabs, and To- 
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tradecapod (or 14-footed) Crustaceans (flg. 291, represent- 
ing a species soniething like the modern Sow-bug'), but no 



Q 



Uduuskr,— Fig. 2»9, Belemnltea pLttilllfonnli; 2 
FoHll lok-bBgi of B CaphBlopod ; 2S», AcuUiot 



Trilobites; also the first known of true Spiders (fig. 292), 
and species of many of the orders of Insects. Fig. 293 is a 
Libellula, or Dragon-fly, of the Jurassic period, from Solen- 
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holbn; and fig. 294, tbe wing-caee of a beetle, from the 
Stonesfield Oolite. 




S. Verttbrates. — The Fishes were all either Ganoids or Sela- 
chians. In the Triftssic beds occnrred the last species of the 
heterocercal Ganoids, and the first of the homocercal, aloDg 
with some, like fig. 265, p. 170, of intermediate character, — 
that ia, having tbe tail-fin vertebrated through half its 
length. Fig. 295 represents one of the homocercal Ganoids 
of the Lias. Among the Sharks (or Selachians) the Cestra- 
ciont tribe, the most ancient, characterized by a pavement 
of grinding teeth (p. 52), still continued, and was very 
numerously represented. There were also in the Jurassic 
beds the first of the sharp-edgedShark-teeth, or those of 
the tribe of Sharks that inhabits modern waters. 

Reptiles were the dominant race in the Eeptilian world, 
and among them were Amphibians, the division most com- 
mon in the Carboniferous age, and also great numbers of 
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true Reptiles. Thoy inclnded species for each oi' tbo cle- 
menta, — tho water, the earth, and the air. 
In the Triassic tho Amphibian dirigion (p. 50) appears 



Vl«mtHTI.— Fig. 2BB, EeBlorod fignro gf J^cbnn 



to have reached its maximum. One of the frog-like Lahy- 
rinthbdonts had a skull of the form shown in fig. 29C, whose 



length was 3 to 4 feet; its mouth was set around with teeth 
3 inches long (fig. 297), and the body was covered with 
scales. The specimen figured was found in Saxony. It is 
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probable that some of the American Reptilian species 
whose traclis are so common in the Connecticut valley 
were of this type. Fig. 298 is a reduced view of hand- 
like tracks, from the same locality as the above, sup- 
posed to have been made by an animal of the same species. 
The frogs of the present day are feeble and diminntive com- 
pared with the Triassie Amphibians. 

Swimming Reptiles, or Sanrians, — called Enaliosaurs 
because of their li\-ing in the eea (from the Greek enalios, 
marine, and sauros. /(ran/),— probably existed in the Carbon- 
iferous age (p. l.'!."n: they became numerous and of great size 
in the Mesozoie. They had paddles like Whales, and thos 




V«T«iisiija.-Ftg. 399, lehdijoMurud .«)mGiimla <Xi(o); 3M. Head of Buoe (X A): 301(1, 
3016,Tiewaud>KlloiiDf T«1ebniof >aine{x!^; 802, Tcwtfa of SRine, lutDisl iln ; 303, 
PlMlDunnui doUchodslnu (x A) ; 3IM a, 3M i, Ylew md action of leitabn ot huh. 

were well fitted for marine life. The most common kinds 
were the Ichthyosaurs and Plcsiosaiirs. 
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The Ichthyoeaurs (fig. 299) had s short neck, k long and 
large head, enormous eyes, and thin, fish-like, or donbly- 
concave, vertebne. The name is fVom the Greek ickthtu, fish, 
and saur. Fig. 800 represents the head of an Ickthyoaaur, 
one-ihirtieth the natural length, showing the large size of the 
eye and the great number of the teeth. Fig. 301 b is one 
of the rertebrie, reduced, and fig. SOI a, a transrerse section 
of the same, exhibiting the fact that both surfaces are deeply 
concave, nearly as in fishes; fig. 302 is one of the teeth, natu- 
ral size- Some of the lehthyoaaurs were 80 feet long. 

The Flesiosaun (named from the Greek plesios, near, and 
saur, because not quite like a Saurian), one of which is 
represented very much reduced in fig. 308, had a long snake- 
like neck, a comparatively ehort body, and a small head. 
Pig. 304 a represents one of the vertebrte, and 304 h, a sec- 
tion of the same ; it is doubly-concave, but lose so, and much 
thicker, than in the Ichthyosavr». Some species of Plesio- 
Baur were 25 to 30 feet long. Another related Reptile, called 
a Fliosaur, was 80 to 40 foet long. Remains of more than 
50 species of Enalmaurs have been found in the Jurassic 
rocks. 

Besides these swimming Saurians, there were numerous 
species of Lacertians {Lizards) and Crocodilians 10 to 50 
feet long, and Dinosaurs, the bulkiest and highest in rank 
of the Saurians, 25 to 60 feet long. 

To the group of Dinosaurs belongs the Iguanodon, of the, 
Wealden beds, first made known by Dr. Mantell, whose body 
was 28 to 30 feet long, and which stood high above the 
ground quadruped-like, the femur, or tbigh-bone, alone 
being nearly 3 feet long. Its habits are supposed to have 
been like those of a Hippopotamus, — the animal grazing 
on the plants and shrubs of the marshes, ostuarios, or 
streams in or about which it lived. It had teeth like tho 
modern Iguana (and hence the name, from Iguana, and tho 
Greek odovs, tooth), but it had proportionally a much shorter 
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tail. The Megalosaur wrb another of the gigantic Dinosaurs 
of the later part of the Jurassic period ; it was a terreBtrial 
camivoroua Saurian, aboat 30 feet in length. 

The Eeptiles adnpted for the air — that is, for flying— are 
designated Pteromurs, from the Greek pteron, a wing, and 
aaur. The most common genus is called Pterodactylus. The 
general form of a Pterodactyl is shown in fig. 306. The bono 
of one of the fingers is greatly elongated, for the purpose of 

Fig. 305. 



VBaiEORATt— Pterodaclj'lna crsMfiflstiit (X W). 

supporting an expanded membrane, so as to make it servo 
(like an analogous arrangement in bata) for flying. The 
name Pterodactyl is from the Greek pteron^ wing, and dak- 
tulos, finger. The Pterodactyls were mostlj' small, and proba- 
bly had the hahits of bats; the largest had a spread of wing 
of about 10 feet. Unlike birds, they had a mouth full of 
teeth, and no feathers. As Bats are fljnng Mammals, so the 
-Pterosaurs are simply flying Reptiles, and have no resem- 
blance to birds in structure, except that their hones are 
hollow. 
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Besides the kinds of Eeptiles already rnentioned, there 
were Turtles in the Jurassic period; but, according to pre- 
sent knowledge, the world contained no Snakes. 

Coprolites (or fossil excrements) of both Reptiles and 
Fishes are common in the bone-beds. When cnt and 
polished they have a degr«e of beauty sufficient to have 
made them formerly an objecl of some value in jewelry. 

Bcmaina of Birds have been found in the quarries of 
Solenhofen (p. 166). They have revealed the fact that some 
at least of the Mesozoic species (and of America, beyond 
question, as well as Europe) were TeptUian in some of their 
characters. The skeleton found s}iow» that the Birds had 
long reptile-like tails conaisting of many vertebne, and 
finger-like claws on the fore limb or wing, like those of the 
Pterodactyl and Bat, fitting them evidently for clinging. 
But, ■while thus reptilian in some points of structure, they 
were actually Birds, being feathered animals, and having 
the expanse of the wing made, not by an expanded mem- 
brane as in the Pterodactyl, but by long quill-feathera. 

Figs. 308, 307. 



Tdtdbaiui.— Kg. 306, Aniphlthurioni BroJcri 



The tail-quills were arranged in a row either side of tLo 
long tail. The feet were precisely like those of birds. 
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Remains of Mammals occur in the Upper Trias (or base 
of the Lias) of Germany, in the LoweP Oolite deposit at 
Stonesfield, England, and In the Portland " dirt-bed" of the 
Upper Oolite (p. 166). Nearly 20 species have been made 
out, 14 of them iVom relics in the Portland "dirt-bed." The 
larger part are MaraupicUs; a few are pronounced to be non- 
marsupial Mammals of the order of Insectivores. Figs. 306, 
307 represent the jaws of two species from Stonesfietd, mag- 
nified twice the natural size. 

As Marsupials are semioviparons Mammals, and therefore 
are intermediate between ordinary Mamnlala and the inferior 
and oviparous Vertebrates (p. 50), it follows that both the 
Birds and Mammals of the Mesozoic were in part, at least, 
comprehensive or intermediate types, and partook of reptilian 
features in tho Reptilian age. 

3. Oeneral ObBerrationa. 

1. American Oeograpby. — The Mesozoic sandstones and 
shales of the Atlantic border region are sedimentary beds; 
consequently, the long narrow ranges of country in which 
they were formed were occupied at the time more or less 
completely by water. 

The absence of true marine fossils has been remarked 
upon as proving that this water was either brackish or 
fi-esh; and hence the areas were estuaries or deep bays 
running far into the land. 

There was probably an abundance of marine life in the 
ocean, if we may judge from its diversity on the other side 
of the Atlantic ; but the seacoast of the era must have been 
outside of tho present one, so that any true marine or sea- 
coast deposits that were made are now submerged. The 
present sea-border is shallow for a distance of 80 miles from 
the New Jersey coast, the depth of water at this distance 
out being but 600 feet. 
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As all the depressions or valleys occupied by the estuaries 
are parallel with the Appalaohians (p. 164), and ninco the 
era of the formations was that next following the origin of 
these mountains, the depressions must have been made at 
the time the Appalachian foldings were in progress. In fact, 
they are somo of the great valleys or depressions left in the 
course of -the upliftings. 

The level of the several sandstone areas above the ocean 
proves that the land at the time was not far iVom its present 
elevation, and therefore that the Appalachians had probably 
nearly their present height. 

The deposits contain foot-prints, ripple-raarks, rain-drop 
impressions, and other evidences, on many of the layei-s, 
that they were formed partly in shallow waters, and partly 
as sand-flats, or emerging marshes and shores, over which 
reptiles and birds might have walked or waded. If, then, 
they are several thousands of feet thick, there must have 
been a progressing subsidence of the valley-depressions — 
that is, a sinking must have been going on. It is hence 
apparent that the oscillations of level that characterized 
the epoch of the Appalachian revolution were still in pro- 
gress. Two effects of this subsidence occurred : — (1) The 
sandstone beds were more or less faulted and tilted, those 
of the Connecticut valley receiving a dip to the eastward, 
those of New Jersey and Pennsylvania to the northwest- 
ward. (2) In the sinking of the valley- depression, an 
increasing strain was produced in the earth's crystalline 
crust beneath, which finally became po great that the crust 
broke, fissures opened, and liquid rock came up. The dikes 
and ridges of trap are this liquid rock solidified by cooling. 
The existence of the dikes, and their parallelism to the 
general course of the valley-depressions, prove — (1) the fact 
of the fractures; (2) their resulting from the same cause 
which produced the sinking; and (3) the fact of the igneous 
ejections. The earth's crust along the Connecticut valley 
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was thns a scene of igncouB operations for a length over 100 
miles, and through a vast nnmher of opened fissures. The 
Palisades of the Hudson date from the same period, — ^pro- 
bably the middle of the Jurassic period. 

The Western Interior, or Rocky Mountain region, had been 
mostly submerged during the Carboniferous age, as shown 
by the fact that limestones were forming there in the Coal 
Measure period, and fossiliferous sandstones in the Permian. 
The Gypsiferoas sandstone of the Mesozoic proves, by its 
naturo, its gypsum, and its rare fossils, that, by some change, 
this great region had become mostly an iiaerior shallow salt 
sea, shut off to a great extent from the ocean. Such a sea 
would have been made too fresh for marine life in the rainy 
season, and probably too salt for any life in the hot season. 
Hence, as in the Great Salt Lake of Utah, life would have 
been absent. The salt waters by evaporation would have 
furnished gypsum to the beds, as happens now sometimes 
from sea-water. It follows, then, from the beds of the 
Atlantic border as well as those of the Western Interior, 
that the continent during the era of these Mesozoic beds 
was to a less extent submerged than in the greater part 
of the Paleozoic ages and the following portion of the 
Mesozoic. The fossiliferous Jurassic beds mentioned on 
page 165 show that before the Jurassic period had closed, 
the sea had again free access over it; and the later Cre- 
taceous formations prove that in the Cretaceous period 
also this marine condition prevailed. 

2. Foreign Geography. — The nature of the Triassic beds 
of Britain and Europe show that there were large shallow 
interior seas also on the eastern side of the Atlantic. The 
salt-deposits in the beds, the paucity of fossils in the most 
of the strata, and the prevalence of marlitos, intUcate the 
same conditions as existed in New York during the forma- 
tion of the Saliferoua beds of the Upper Silurian (see page 
96), and somewhat similar to those in which the Rooky 
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^fountain OypBiferous formation originated. The limestone 
that intervened along the Bhine, between the two forma- 
tions of sandstone and marlites, shows an interval of more 
open sea; yet the impurity of the limestone suggests that 
the ocean had not full sweep over the region. 

The beds of the Jurassic period are almost all of them 
evidence, both from their constitntion and their abundant 
marine life, that the free ocean again had sway over large 
portions of the Continental area. Its limits, however, 
became more contracted as the period passed, and towards 
ita close fresh-water and terrestrial bods were forming in 
some places that had earlier in the period been under sal^ 
water. 

3. Climate. — The Jurassic coral reefs of Britain indicate 
that England then lay within the sub-tropical oceanic zone. 

This zone now has the parallel of 27" to 28° as, in general, 
its outer limit (lying mostly between 20° and 27°); and, con- 
sequently, its Jurassic ^mit, if including England, reached 
twice as far towards the pole as now. It is possible, how- 
ever, that the line ran along the British Channel, and that 
the Gulf Stream of the era carried the snb-tropical tempera- 
ture northeastward through the British seas, as it now 
does to Bermuda, in latitude 34°. 

The following are other facts of similar import. In Arctic 
America, species of shells allied to those of Europe and 
tropical South America occur in latitudes 60° to 77° 16'; 
and one species of Belemtiite and one of Ammonite are said to 
be identical with species occurring in these two remote and 
now widely different regions. If not absolutely identical, 
the evidence from them as to oceanic temperature is nearly 
the same. Moreover, on Exmouth Island, in 77° 16' N., 
Ttmaina of ao Jchthyosaur have been found, and in 76° 22' N., 
on Bathurst Island, bones of other large Jurassic Beptilcs 
{Teleosaurs). It is jHvbable, therefore, that a warm-tempe- 
rate oceanic zone covered the Arctic to the parallel of 78°, 
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if not beyond. No large living reptiles exist outside of the 
warm-temperate zone. 

2. CEETACEOna PERIOD. 

Eteneral charaoteristiofl. — The Cretaceoas, while the closing 
period of Meaozoic time, was also, in some respects, a 
transition period between the Hesozoic and Cenozoic. 
Daring its progress, as is explained beyond, occun-ed tho 
decline, and, at its close, the extinction, of a largo number 
of the tribes of the medieval world, white, at the samo time, 
there appeared in its course other tribes eminently charao- 
toristic of the modern world. Among these modernizing 
features, tho most prominent arose from the introduction of 
Palms and Angiosperms among plants, and Teliosts among 
fishes. 

The Palms and Angiosperms inclade nearly all the fruit- 
trees of the world, and constitute far the larger part of 
modern forests. The Conifers and Cycads, wherever thoy 
now occur near groves of Angiosperms, exhibit the contrast 
between the medieval foliage and that of the present age. 
The Teliosts (p. 50) embrace nearly all modem fishes 
excepting those of the order of Sharks, or Selachians. 
Their appearance was as great a change for the waters as 
the new tribes of plants for the land. These tribes of plants 
and fidhos wore only begun in the Cretaceous; their full 
exhibition belongs to Conozoio time and the Age of Mao. 

L RookB: kinds and diatribntioiL 
In North America, the Cretaceous formation borders tho 
continent on the Atlantic side, south of New York, and 
along the north and west sides of tho Gulf of Mexico; 
besides, it spreads fVom Texas, northward, over the slopes 
of tho Rocky Mountains, being now at a height in somo 
places of eOOO to 7000 ftet above the sea. Its beds are 
exposed to view in New Jersey and in some portions of tho 
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more southern Atlantic States, though mcr.llj covered by 
tho Tertiary. They arc largely displaj-«(l tlirou^'i Alabani;i 
and Mississippi, and cover a great area west of the llissia- 
fiippi. (Sco map, p. 69), 

In England tho formation occupies a region just east of 
the Jurassic, stretching from Dorset on tho British Channel 
eastward, and also northeastward to Norfolk on tho German 
Ocean, and continuing near tho borders of thi:j ccoan, etiU 
farther north, beyond Flamborough Head : it is numbered 9 
on the map, p. 120, Cretaceous rocks occur also in northern 
and southern France, and many other parts of Euroj)e, 

Among the rocks there arc the following kinds : — tho soft 
variety of limestone called Chalk} hard limestones; ordi- 
nary hard sandstones; shales and couglomcrates like those 
of other ages; but, more common than those, soft sand- 
beds, clay-beds, and shell-beds, so imperfectly consolidated 
that they may bo turned up with a pick. 

Many of tho sand-bods or sandstones have a dark-green 
color, and are called green-sand. Tho green color is owing 
to the presence of dark-green grains which occur mixed 
with more or less of common sand. They aro a hydrous 
silicate of iron and potash. This green-sand is often used 
for fertilizing land, and when so used it is called mtirl. 

Chalk-beds are the source oS flint. Tho flint is distributed 
through tho chalk in layers, those layers being made up of 
nodules of flint, or masses of irregular forme. Although 
often of rounded forms, they aro not water-worn stones of 
foreign origin, but were formed in place, like tho hoTnstone 
in the Comiferous limestone of New York (p. 105). 

Chalk constitutes a large proportion of the Cretaceous 
formation in England and some parts of Europe, but is not 
known in tho American Cretaceous, The sueeossion of beds 
in England is as follows : — (1) The Loioer Cretaceous, con- 
sisting largely of the Green-sand and other arenaceous 
beds, called eolleetively the Lower Green-sand; (2) the 
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Middle CretacdODS, containing the Upper Gfreensand and 
some other beds ; (S) the Upper Cretaceous, eomprieing the 
Chalk-beds, the lower part of which is without flints. 

The Cretaceoua beds in North America are supposed to 
correspond to the Middle and Upper of the European Cre- 
iaceouB. They consist of layers of Green-sand, thick sand- 
beds of other kinds, clays, shell-beds, and, in some places in 
the States bordering on the Mexican Gulf (espeeially in 
Texas), limestone. The thickness of the formation in New 
Jersey is 400 to 500 feet; in Alabama, SOO to 600 feet; in 
Texas, about 800, nearly all of it compact limestone; in the 
region of the Upper Missouri, 2000 to 2500 feet. 

2. Life. 
1. Plants. 

The first of Angiosperms and of Palms, as already stated, 
date from the Cretaceous period. Leaves of a few Ameri- 
can species of the former are represented iu figs. 308-311 ; 
fig. 309, from a species of Sassafras j fig. 310, a lAriodendron ; 
and fig. 311, a Willow; and with these occur leaves of Oak, 
Dogwood, Beech, Poplar, Ac. 

Besides these highest of plants, there were also Conifers, 
Ferns, and Sea-weeds, as in former time, with some Cycads 
still. The microscopic Algffl called Diatoms (p. 61), which 
make siliceous shells, and others called Desmids (p. 61), 
which consist of one or a few simple green celluleB, were 
very abundant, Both occur fossil in fiint; and a species of 
the latter is very similar to one from the Devonian horn- 
stone figured on page 109 (flg. ISO). The Diatoms are believed 
to have contributed part of the silica of which the flint is 
formed. 

2. Animals. 

1. Protozoans. — The simplest of animals, Shizopods, of the 
group of Protozoans (p. 59), were of great geological im- 
portance In the Cretaceous period ; for the Chalk is 8up3>080d 
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to bo made mostly from their ratnnte calcarcouH shells. Tho 
powdered chalk is oflen found to contain largo Dumbera of 
Figs. 30S-31I. 




311,gA]liMeekli. 

these shells, the great majority of which do not exceed a 
pin's head in size. A few of the forms arc represented in 



FigB. 312-31S. 
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figa. 312 to 316, all very much enlarged, except 316, which is 
natural size. A very common kind resembles fig. 99, p. 
59, and is called a Rotalia. Fig. 316 represents a large 
disk-shaped species, called an Orbitolina, from Texas. 

Besides the above ProtOBOaua, Sponges were also very 
abundant, and their siliceous spicula (p. 58) were another 
important soarce of the eilica of the 
flints. Fig. 317 represents one of the "' 

Sponges from the Chalk of Europe. 

2. Radiates — Mollusks. — Corals 
and Echini were common among 

Badiatos. Mollusks abounded, both I 

of the Ammonite and Belemnite 
types, besides others of genera not 
peculiar to the Mesozoie. Many of 

the genera are identical with those 

represented in modem seas. siphonia lounu 
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Figa. 322-3iS. 
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Figs. 318-321 are of some of the most characteriBtic Con- 
chifors from the American Cretaceous ; fig, 318, an Exogyra; 
fig- 319, an Inoceramusi figs. 320, 321, Grypkceas ; — genera that 
are now extinct. Figs, 322,323 represent sbells of Gastero- 
poda, and 324 to 328, Cephalopoda, — all American except 
3i6[ fig, 324, an npper front view ofanj4mnioni(e, showing the 
pockets along the sides of one of the partitions; fig. 324 a, 
a reduced view of the same Ammonite in profile ; figs. 325 
to 327, three species of the Ammonite family, but not of the 
genus Ammonites, — one, fig. 325, being called a Scapkites 
(from the Latin scapKa, a skiff), an Ammonite with the shell 
looking as if partly uncoiled, and thus made somewhat to 
resemble a boat; fig, 326, a TurriUtes, or turreted Ammonite, 
an anomaly in the family, as the species are almost all 
coiled in a flat plane ; fig. 327, a BacuUtes, or straight Ammon- 
ite, so named from the Latin baculum, a walking-stick. 
Fig, 328 represents a very common New Jersey species of 
Belemnites. Some of the Ammonites of the Cretaceous 
period are 3 to 4 feet in diameter, 

3, Vertebrates. — Among Vertebrates appeared the first of 

Fig. .12!). 
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the Teliost or Osseous Fishes, — ^fishes allied to the perch, 
salmon, pickerel, etc. They occur along with numerous 
Sharks of both ancient and modem types (Cestracionte and 
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Sqnalodonts), and many also of Ganoids. Thus the ancient 
and modern forms of Fishes were united in the population 
of the Cretaceous seas, the former, however, making hardly 
more than a tenth of the species. Fig, 829 represents one 
of theseTeliost Fishes, related to the Salmon and Smelt, from 
the Chalk at Lewes, England. There were also Herring, 
and many other kinds. 

The Beptiles included species of some of the Jurassic 
genera, as Pterodactyls, Ichthyosaurs, Flesiosaurs, and the 

Fig. 330. 



M<™au™»Il(,fin.mii(XA)- 

Tguanodon ;a\&ooi other ^tfaara., as Mosasaurs (fig. 330), and 
true Crocodiles. 

No remains of Mammals or Birds have yet been gathered 
from the Cretaceous formation. 

3. General Observatioiis. 

1. Oeograpby. — In North America the position of the 

Cretaceous beds along the borders of the Atlantic south of 

New York, near the Mexican Golf, and also over a large part 

of the Bocky Mountain region, indicates that these border 
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regions and the Western Interior were under water when 
the period opened, as reprcBented in the Ibllowing map (fig. 
331). The shaded part of the continent exhibits the extent 
to which it was eubmorged. (This map should be compared 
with that on page 73). It shows that the Chesapeake and 
Delaware Gulfs were ia the ocean; that Florida was still under 
water; that the region of the Missouri Eiver was a salt- 
Fig. 331. , 



Kortli America in tbe CreUcmiu Fntod ; >10, tppcr UiiBonii t^oa. 

water region; that in fact tho Rocky Mountains were at 
least 6000 or 7000 feet lower than now, tho Cretaceous beds 
having now this elevation upon them. The Mexican Gulf 
spread over a large part of Georgia, Alabama, and Missis- 
sippi, extended northward to the mouth of the Ohio, and 
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then west of Uissonri and KanBaB stretohod far north over 
the present slopes of the great Western mountains, reaching 
perhaps to the Arctic, though on this point the evidence is 
not yet decisive. The deposits, excepting those of Texas, 
appear to be of seashore and off-shore fonaations; the 
Texan compact limestones were probably formed in clear 
interior waters. 

In Europe the Challc appears to have been accumulated 
in an open sea, where the water was one or more hundred 
feet deep. The matsrial of the Chalk has been stated on 
page 190 to he mainly the sheils of Ebizopods, and that of 
the associated Sint to have been derived from Diatoms and 
Sponges. Bhizopods and Diatoms are now living in many 
parts of the ocean, over the bottom, even where the depth 
is thousands of feet, and are making accumulations of vast 
area. There appear, hence, to be in the present seas the 
conditions requisite for making chalk and also flint. The 
many Sponges, Echini, and Shells found in the Chalk beds 
are evidence, however, that the depth was not thousands of 
feet, although it may have been a few hundreds. The fossils 
of the Chalk are in many regions turned into flint, and some 
hollow specimens are filled with quartz -crystals, or agate 

2. Climate. — The corals and other tropical life of the Bri- 
tish rocks indicate that the seas were at least warm-tem- 
perate to latitude 60° north on the east side of the ocean. 
On the American side it appears to have been cooler, as it 
now is, in corresponding latitudes; and still the temperature 
was considerably warmer than the present. The warm 
oceanic zone which spread over the British seaa appears, 
from the distribution of tho fossils, to have reached the 
North American coast south of Long Island, and perhaps 
had no place on the coast north of Cape Hatteras. The 
plants of tho Upper Missouri region indicate a warm-tem- 
porato climate over that territory. 
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GENERAL OBSERVATIONS ON THE MESOZOIC. 

1. Time-Satiot. — The ratios between the Paleozoic ages ae 
to the length of time that elapsed during their progress, or 
their time-ratios, are stated on p. 145 as probably not far 
from 3:1:1. 

The American Mesozoic formations are too imperfect to 
be used as data for calculating the Mesozoic time-ratios; and 
in Europe there is much uncertainty as to the actual thick- 
neas of the rocks. Calculating from the beat estimates of 
the thickness which have been given, the time-ratio between 
the Paleozoic and Mesozoic is nearly Si : 1 ; and between 
the Triassic, Jurassic, and Cretaceous periods, 1 : li : 1. 
That is, Mesozoic time was hardly one-third as long as the 
Paleozoic ; and the three periods of the Mesozoic were not 
far &om equal, the Jurassic being one-quarter the longest. 

2. Atnerioan Oeo^aphy. — On page 162 it is remarked that 
the Mesozoic formations were confined to the Atlantic and 
Gulf border regions, and to an interior region west of the 
Mississippi covering much of the Rocky Mountain area, and 
that the intermediate portion of the continent had probably 
become part of the dry land. The facte which have been 
presented in the preceding pages have sustained this state- 
ment. The Triassico-Jnrassic beds, as has been shown, 
)ie in long narrow strips between the Appalachians and the 
coast, and spread widely over the Rocky Mountain region. 
The Cretaceous beds cover the Atlantic and Gulf borders, 
and also, like the Triassic, a very large part of the slopes 
of the Rocky Mountains. The eastern half of the continent 
daring the Mesozoic was, therefore, receiving rock-forma- 
tions only along its borders, while the western half had 
marine deposits in progress over its great interior. None 
of the American Mesozoic deposits bear any evidence that 
they were formed in a deep ocean. They appear to have 
been formed along coasts, or in shallow waters off coasts, or 
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in eh&Ilow inland seas; and only the Grctaceoas limeetone 
of Texas indicates a pore open, though not deep, sea, like 
that required for coral-roefe. 

The Appalachians — the eastern mountains of the continent 
— had nearly their present elevation before the early Ueso- 
zoic beds commenced to form (p. 185). But the region of 
the Rocky Mountains — the western chain — was to a great 
extent still a shallow sea even during the Cretaceous period, 
or when the Mesozoie era was drawing to its close (p. 197). 

Only one series of mountain-elevations can be pointed 
oat, with our present knowledge, as originating in eastern 
North America in the course of the Meaozoic era, although 
great oscillations of level were mach of the time in progress 
(p. 185). This one is that of the Mesozoie red sandstone 
and trap along the Atlantic border region. The trap ridges, 
ranging through the Connecticut valley from New Haven, 
Ct., to northern Massachusetts, that of the Palisades on the 
Hudson, and those connected with the early Mesozoie rocks 
of New Jersey, Pennsylvania, Virginia, North Carolina, 
and Nova Scotia, appear to date from a common epoch 
(p. 185). They conform to a common system, being parallel 
to the Appalachian chain through its varying courses, and 
not following one special compass-course. The epoch of 
their formation probably divides off the Triassico-Jurasslc 
period of North America from the Cretaceous. 

The study of the Pacific border of the continent will 
probably make known "one or more additional mountain- 
ranges of Mesozoie origin. 

3. European Oeography- — Europe has its Mesozoie rocks 
distributed in patches, or in several independent or nearly 
independent areas, which show that it retained its condition 
of an archipelago throughout Mesozoie time. The oscilla- 
tions of level, as indicated by the variations in the rocks, — 
variations both as to the nature of the beds and their distri- 
bution. — were more numerous and irregular than in North 
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America. The monntain-eleTatioDS formed, however, were 
few and small compared with those that followed cither the 
Paleozoic or Mesozoic era. One aeries of disturbanccB ia 
referred to the close of the TriaBsie, and another to the close 
of the Jurassic. 

Among the Mesozoic formations of the European conti- 
nent there are deposits of all kinds, — those of seasboreej of 
off-shore shallow waters; of inland seas; of moderately deep 
oceanic waters; and of marshy, or dry and foreat-covered, 
land. 

Both in America and Europe there were some coal-beds 
made, though of small extent compared with those of the 
Carboniferous age 

4. Life. — The Mesozoic era witnessed — (1) the decline of 
some ancient, or Paleozoic, types, of both plants and animals, 
(2) the increase and culmination of medieval or Mesozoic 
types, and (3) the beginning of some of the most important 
of modem or Cenozoic types. 

(1.) Disappearance of Ancient or Paleozoic features. — Among 
the ancient tribes of plants the Calamites, or tree-rushes, and 
several genera of Ferns, disappear in the Juriwsic. Among 
the old Brachiopod tribes the Spirifer and Leptcena families 
end in the Triassic ; and among higher Mollusks the Silo- 
rian type of Orthoceras, and Devonian of Goniatites, have 
their last species in the Triassic. 

(2.) Progress in Mesozoic features. — The Oycads, among 
plants, were those most characteristic of the Mesozoic : they 
afterwards yield to other kinds, and are now nearly an 
extinct tribe. The Cephalopods, among Mollusks, existed 
in vast numbers, both those with external shells, as the 
Ammonites, and those without, as the Belemnites. The whole 
number of species of Cephalopods now known from the 
Mesozoic formations is nearly 1200. Of these, about 950 
were of the Ifautilus and Ammonite families. Since the 
Cretaceous period no Ammonite has existed, and at the 
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present time there are only 2 or 3 speeioa of I^antilas. The 
whole Tiumberof species of Cephalopoda living in the course 
of the MeBOzoic era may have been three or four times 1200, 
as only a part would have been preserved as fossils. The sub- 
kingdom of Mollusks, therefore, culminated in the Mesozoic 
era; for its highest order, that of the Cephalopode, was then 
at its maximum. 

The type of Eeptiles was another that expanded and 
reached its height — that is, its maximum in number, variety, 
and rank of species — and commenced its decline in the 
Mesozoic era. 

There were huge swimming Saurians, Enaliosaurs, in the 
place of whales in the sea; bat-like Saurians or Pterodac- 
tyls flying through the air; and four-footed Saurians, both 
grazing and carnivorous, many of them 26 to 50 feet long, 
occupying the marshes and estuaries. In the era of the 
Wealden and Lower Cretaceous there lived, in and about 
Great Britain, 4 or 5 species of Dinosaurs 20 to 50 feet long, 
10 to 12 Crocodilians, LtzardB,and Enaliosaurs 10 to 50 or 
60 feet long, besides Pterodactyls and Turtles; and many 
more than this, since all that lived would not have left their 
remains in the deposits. To appreciate this peculiarity of 
medieval time, it should be considered that in the present 
age Britain has no large Keptiles; in Asia there are only 
two species over 15 feet in length ; in Africa hut one; in all 
America but three; in the whole world not more than six; 
and the largest of the six does not exceed 25 feet in length. 
The Mesozoic era is well named the Age of Reptiles. 

All the Mesozoic animals, excepting the Mammals, belong 
to the Oviparous divisions; and the Mammals were mainly 
Marsupial species, — that is, semi-oviparous Mammals, as 
explained on p. 50, — species quite in harmony, therefore, 
with the other life of the era. The Birds of the age, or at 
least some of them, partook of the reptilian features of the 
time, having long t«ils like the associated Reptiles (though 
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feathered taila), and possessing some other pecoliaritieB of 
the scaly tribes. The long-tailed birds and Pterodactyls 
were the flying ereatures of the age; the Ichtbyosaurs 
and Plesiosanre, and the like, the "great wliales;" the 
Teleosanra, Iguanodon, and other gigantic species of the 
estuaries and marshes, tbe creeping species. These, along 
with the small Marsnpials andlnaectivoreeof the Oycadean 
and ConiferoDs/orests, were the more prominent kinds of 
Uesozoic life. 

(3.) Introduction of Otnozoic features. — Among Plants the 
first of Angiosperma, (or the order including all trees having 
a bark (Oak, Maple, Apple, &c.), excepting the Conifers) and 
the first of Palms, are found in the Cretaceous. These 
become the characteristic plants of the Cenozoic era and 
Age of Xan. 

Among Vertebrates there were the first of the great order 
of TelioBt or Osseous Fishes in the Cretaceous (p. 194), all 
previous species being either Selachians (Shark tribe) or 
Ganoids; the first of the modern tribe of Sharks in the 
Jurassic; the first of the modern genus of CrocodUus in the 
Jurassic; the first of Birds in the Triassic or Jurassic, — the 
reptilian Birds; the first of Mammals in the Triassic, — 
Marsupials, or semi-oviparous Mammals, along with some 
Insectivores. 

Of the classes of Vertebrates, Fishes and Beptiles oom- 
mence in tbe middle and later Paleozoic, and Birds and 
Mammals in the early or middle Mesozoic. 



At the close of the last period of the Mesozoic era — the 
Cretaceous — there was an extermination of the species then 
on the globe, which was as complete as that closing the 
Paleozoic era. No species have yet been proved to have 
survived from the Cretaceous into the Cenozoic era, except 
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possibly some kinds of Sharks. Th6 species most likely to have 
outlived the period of disturbance which intervened are the 
species of the open ocean, as Sharks, since variations in the 
climate of the globe and changes of level ovor its surface 
affect but slightly the ocean's waters remote from coasts. 

Besides the destruction of species, there was the final 
extinction of several families and tribes. The great family 
of Ammonites, and many others of MoIIusks, all the genera 
of Reptiles excepting Crocodilus, and others in all depart- 
ments of life, came to their end in the revolution. 

From the occurrence of Cretaceous rocks in the structure 
of mountains or about their tops, and the existence of 
marine rocks of the next (or Tertiary) period only at low 
levels upon the sides, or towards the foot, of the same moun- 
tains, it has been discovered that the epoch of disturbance 
or revolution was remarkable for the number of great moun- 
tain-ranges which either began at that time their existence 
above the oceans, or else had their altitude greatly increased. 
The region occupied by a Cretaceous sea must have been 
raised into a mountain -elevation before seashore Tertiary 
strata could have been formed about its base. The Kocky 
Mountains and Andes, Himalayas and Alps, received a large 
part of their elevation subsequent to the Mesozoic era, and 
some considerable part immediately at the close of the Cre- 
taceous period, although the elevation in the case of each 
of these great chains of the world was continued in progress 
through the Tertiary and afterwards. 

The Himalayas have no known Cretaceous rocks in their 
structure; but Oolitic beds occur at a height of 14,000 to 
18,000 feet, and extend along at these elevations for 400 
miles. (Strachoy.) The land may in part have made its 
emergence from the sea before the Cretaceous period began ; 
whether so or not, it continued long after rising : the eleva- 
tion of the western part of the chain about Cashmeer was 
not completed until after the Tertiary period had well 
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advanced. The ApennineB began their elevation abont the 
middle of the Cretaceous period, but made the most of their 
altitude io the early Tertiaiy. The Andes have Cretaceo- 
oolitic beds about their higher slopes, proving also their 
clevatioD to have been essentially cotemporaneous with that 
of the Rocky Kountaine and other highest mountains of 
the globe. 

The facts will be better appreciated after a study of the 
Tertiary formations, which afford part of the evidence on 
which these conclusions are based. 

Extermination of life. — The proofs of elevation are so 
many and so extensive that it is reasonable to infer that a 
great change of climate must also have taken place over 
the globe. The Arctic regions may have been elevated 
more than lower latitudes, for Tertiary rocks do not occur 
on the eastern borders of the American continent north of 
the parallel of 43° N. to show that the continent waa then 
below its present level. The change of climate consequent 
on the increase of Arctic lands, and the increased number and 
height of mountain -chains, may, therefore, have been so 
great as to have proved a principal cause of the extinction 
of life that then took place both over the land and along 
the oceanic borders. Should the cold winds and cold oceanic 
currents of the northern part of the existing temperate 
zone penetrate for a single year into the tropical regions, 
they would produce a general extermination of the plants 
and animals of the land, and also of those of the coast and 
sea-borders, even to a great depth, as far as the cold oceanic 
currents extended. If a change of climate took place at 
the close of the Cretaceous, such as has been supposed, these 
very results would then have happened ; . moreover, the 
&i^d air and waters would have found tropical life much 
nearer to the pole than now, even over Europe and a large 
part of the United States. 
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IV. CENOZOIC TIME. 



1. Age of MammaK — Cenoeoio time covers but one age, — 
the age of Mammals. 

2. Oeneral oliarftcterUtiea. — In the transition to this age 
the life of the world takes on a new aspect. Trees of 
modem types — Oak, Maple, Beech, etc., and Palms — unite 
with Conifers to make the forests; Mammals of great 
variety and size — Herbivores, Carnivores, and others, suc- 
ceeeors to the small semi-oviparous Mammals and Insect- 
ivores — tenant the land in place of Reptiles; trne Birds 
and Bats possess the air in place of reptilian Birds and 
Pterodactyls; Whales and Teliost or common Fishes, with 
Sharks, mainly of modem type, occupy the waters in place 
of Enaliosaurs, and almost to the exclusion of the ancient 
tribes of Cestraciont Sharks and Ganoids. 

It has already heen shown that several of these modern- 
izing features began to appear in the Mesozoic era. Thus, 
in all geological as well as other history (as remarked on 
page 154), every age has preparations for it in progress in 
. the age preceding. There are no abrupt transitions. 
The Mammals, Birds, Teliosts, and Angiosperms of the 
Beptile world were precnrsors of a future and brighter era, 
when these species should be the predominant races. The 
type of Mammals appears in Cenozoic time under several 
successive faunas of different species, each successively 
exterminated, and finally expands till in number of kinds 
and in the magnitude of its wild beasts the Mammalian age 
far exceeds the Age of Man. These, also, disappear before 
the last age opens and during its early progress. 

MAMMALIAN AGE. 
The age of Mammals is divided into two Periods: — 1. 

The Tertiary; 2. The Post-tertiary. 
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In the Tertiary the Mammale are all extinct species, and 
the other species of life mostly so ; the number of living 
species of Invertebrates (Hftdiates, Mollusks, and Articn* 
lates) varies from none in the early part of the period to 90 
per cent, in the latter part. 

In the Post4eTiiaTy the Mammals are nearly all of extinct 
species, but the Invertebrates are almost wholly of living 
species, not over 5 per cent, being extinct. 

r. TBRTIAST PERIOD. 
L Epoolu. 
The beds of the Tertiary period hav« been divided by 
Lyell into three series: — 

1. BocENE (from the Greek &5s, dawn, and kainoa, recent). 
Species all extinct. 

2. MiooENE (from meion, lets, and kainos) : 15 to 40 per 
cent, of the apeciea extinct. 

3. Pliocene (from pleiSn, more, and kainos) : 60 to 90 per 
cent, of the species extinct. 

These subdivisions do not correspond to the epochs of the 
period, either in Europe or America, although affording 
convenient terms for Lower, Upper, and Middle Tertiary. 

In North America the epochs are the following: — 

1. Claiboune, or that of the Tertiary beds of Claiborne, 
Alabama, — the early Eocene. 

i. Jackson, or that of the beds of Jackson, Mississippi, — 
the Middle Eocene. 

3. ViCKSBURo, or that of the beds of Ticksburg, Missis- 
sippi, — the later Eocene. 

4. ToEKTOWN, or that of the beds of Torktown, Virginia, 
in which 15 to 30 per cent, of the species are living, — usually 
called Miocene, but probably including part, at least, of the 
Pliocene. 

A fifth has been separated as Pliocene, or the Sumter 
epoch, based on observations on the beds in Sumter and 
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Darlington districts, South Carolina; bat it is probably not 
distinct fVom tbe Yorktown. (Conrad.) 

2. Sooki: kinda and diatribntum. 

The marine Tertiary beds of North Amei-ica border the 
continent south of New England along both the Atlantic 
Ocean and the Mexican Gulf, like the Cretaceous. They 
overlie nearly all the Cretaceous beds on the Atlantic 
border, but extend less far inland on the Gulf border. (See 
map on p. 69, in Tcbich the area is lined obliquely from the 
left above to the right below). They spread northward 
along the Mississippi to the mouth of the Ohio, and also 
westward beyond tbta river into Texas, along the west side 
of the Mexican Gulf; but the marine Tertiary beds do not, 
like the Cretaceous, stretch north over the Rocky Mountain 
region. There are, however, about the Upper Missouri and 
over other parts of the slopes of these mountains, extensive 
deposits of fresh-water Tertiary, the lowest layers of which 
are of brackish-water origin. (On the map the area of this 
freah-watcr Tertiary is distinguished by being more openly 
lined than those of the marine Tertiary.) The moat northern 
locality of Tertiary on the Atlantic coast is on Martha's 
Vineyard, The Tertiary formation also occurs extensively 
in California and Oregon, and in some places has a height 
of 2000 feet above the sea. 

The Eocene beds are best displayed in the Tertiary of the 
Gulf border from the Mississippi Kiver to South Carolina, 
and the marine Miocene beds on the Atlantic border from 
New Jersey to South Carolina, though both occur in other 
parts of the Tertiary region. The fresh-water Tertiary of 
the Upper Missouri is at its base probably Eocene; it con- 
tains much lignite and many fossil leaves, like the lower 
Eocene elsewhere. Tbe rest is Miocene and Pliocene. 

Tbe Tertiary beds are generally but little consolidated ; 
they consist of compacted sand, pebbles, clay, earth that 
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W&6 once the mud of the aea-bottom or of eetaaries, mixed 
often with shclle, — being just euch kinds of deposits as are now 
forming along the seashores and in the shallow bays and 
estuaries of the coast, or in the shallow waters off the coast. 
There are also some limestones made of shells; and others 
made of corals, resembling the reef-rock of coral seas. The 
latter are found mainly in the States bordering on the 
Mexican Gulf. Another variety of rock is the bukrstone, a 
very cellnlar siliceous rock, flinty in textare, used, on account 
of its being so hard and at the same time full of irregu- 
lar cavities, for making raill-stones. It is found in Sonth 
Carolina. 

The Tertiary of Great Britain occurs mostly in the south- 
eastern part of England, in the London basin as it is called, 
and on the southern and eastern borders of the island, 
adjoining the Cretaceous. 

On the continent of Europe the Paris basin is noted for 
its Eocene strata and fossil Mammals. Other Tertiary 
areas are those of the Pyrenean and Mediterranean regions, 
those of Switzerland, of Austria, etc. Some of the marine 
Eocene beds contain a fossil having the shape of a coin, 
called a Nummulite (from the Latin nummus, a coin). One 
is figured on page 59. Occasionally the beds are so fer 
made up of these Nummulites that they are called Nummu- 
litic limestone. 

These marine Eocene strata spread very widely over both 
Europe, northern Africa, and Asia, — occurring in the Pyre- 
neea, forming some of their summits ;,in the Alps to a height 
of 10,000 feet ; in the Carpathians, in Algeria, in Egypt, where 
the most noted pjTamids are made of Nummnlitic limestone, 
in Persia, in the western Himalayas {the region of Cash- 
mere), to a height of 15,000 feet. The later Tertiary forma- 
tions are much more limited in distribution, and many are 
of terrestrial or fresh-water origin. 

The rocks are similar to those of North America, but 
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with more of compact sandstone and compact limestone. 
The sandetoDe is a very common building-stone in different 
parts of Europe, being soft enough to bo worked with faci- 
lity, yet generally hardening on exposure, owing to the fact 
that it contains calcareous particles (triturated shells), 
which render the percolating waters or rain calcareous, so 
that on evaporating they produce a calcareous deposit, as a 
cement, among the grains of sand. 

The Eocene formation of southeastern England consists of 
bed of clay and sand, the lowest of sand sometimes con- 
taining rolled flints. The Lower Eocene includes the Thanet 
Bands, Woolwich beds, London clay, and Bognor bedsj the 
Middle Eocene, the Bagehot beds, Headon group, and others; 
the Upper Eocene, the Hempstead beds near Yarmouth. The 
Older Pliocene includes the Coralline crag and Red crag of 
Suffolk; and the Newer Pliocene, the Norwich crag, which 
is of fluvio-marine origin. No marine Miocene beds have 
yet been identified in Great Britain. 

3. Life. 
1. PlanU. 
The great feature of the vegetation is the prevalence of 
the class of Angiosperms, which made its first appearance 
in the Cretaceous. Leaves of Oak, Poplar, Maple, Sickory, 
Dogwood, Mulberry, Magnolia, Cinnamon, Fig, Sycamore, and 
many others, have already been found in both American 
and European Tertiary strata, besides the remains of Palms 
and Conifers. A leaf of a Tertiary Fan-palm (species of 
Sabai) found in the Upper Missouri must have been, when 
entire, 12 feet in breadth. Nuts are also common in some 
beds, — as at Brandon, Termont. Fig. 332 is the leaf of an 
Oak ; fig. 333, of a species of Cinnamon ; flg. 334, of a Palm ; 
fig. 335, the nut of a beech, closely like that of the common 
beech ; fig. 336, another nut, fVom Brandon, of unknown 
relatione. 
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The Eocene Plants iD central and southern Europe have, 
in general, a striking reeemblance to those of Australia, and 
the Miocene and Pliocene to those of America. The foresU 
of England, in the Eocene, abounded in Palms. 

The niieroBCopic plants which form silieeous shells called 

Diatoms (p. 61) make extensive deposits in some places. 

Figi. 332-33S. 



Ptg. 33Z, QuercDB mrrUfollst i 333, dnnuuamuin MinUslppleua; S34, CUunop^ Dwib; 
SSfi,FiviBfiitiigliiwt! 33e,CitnwUUi«BirreguIuli, 

One stratum near Bichmond, Virginia, is 30 feet thick, and 
is many miles in extent; and another, near Bilin in Bohe- 
mia, IB 14 feet thick. The material from the latter place 
was used as a polisfaing-powder (and called Tripoli, or 
polishing-slate) long before it was known that its fine grit 
was owing to the romains of microHcopic life. Ehrenberg 
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has calculated that a cubic inch of the fine earthy elate con- 
tains about forty-one thousand millions of organisms. 

2. Animals. 

The mofit prominent fact with regard to the Tertiary 
Invertebrates is their general resemblance to modem 
species. Although a number of the genera are extinct, and 
all the Eocene specieB, there is still a modern look in the 
remains, and the specimens have often the freshness of a 
shell from a modern beach. 

The species of Tertiary shells found in the European beds 
number about 6000; wl.ile not over 3000 have been gathered 
from the North American beds^ 

The following are figures of a few species of the Clai- 
borne epoch. Fig. 337 represents an Eocene Oyater; fig. 338, 

Figa. 337-341. 



a species of Orassatella ; fig. 339, an Astariei fig. 340, a Car- 
dita ; and fig. 841, a Turritella: all are from Claiborne, 
Alabama. 
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Figures 342 to S45 are of species of sheila of the Tork- 
town epoch, from Virginia; figs. 342, 348 represent a very 



common Orepidula, apper and nnder sides. The species of 
the epoch include the common Oyster and Clam, and other 
modern species; and these are, therefore, among the most 
ancient of living species on the globe ; for, until the Miocene 
epoch opened' every species of MoUust that had existed on 
the globe had become extinct, and every species of other 
kinds of life, if we except some Protozoans and Frotophytes. 

"With regard to Vertebrates the points of special interest 
are the following: — 

1. In the class of Fishes : — (1) The prevalence of Teliosts, 
or fishes allied to the Perch and t>almon, as already stated; 
and (2) the abundance of Sharks, some of them having 
teeth 6 inches long and broad. The teeth of sharks are the 
dnrable part of the skeleton; they are very abundant in 
both Eocene and Miocene beds. Fig. 59, p. 52, represents 
a tooth of the Carcharodon angustidens. The larger teeth 
above alluded to belong to the Carcharodon megalodon, and 
are found at different places on the Atlantic border from 
Martha's Vineyard south. Fig. 58 represents the tooth of 
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another common kind of Shark, a Bpecies of Lamna (Z>. 
elegans), from Claiborne. 

In the claaa of Beptiles: — The exiBtence of uumerouB 
Crocodiles and Turtles. The shell of one of the Miocene Tur- 
tles, found foBsil in India, had a length of 12 feet, and the 
animal Ib supposed to have been 20 feet long. The first of 
Snakes, moreover, occur in the Eocene. 

In the class of Birds : — The species found are not reptilian 
or long-tailed, bat like modern birde; thej are related to 
the Pelican^ Waders, Pheasants, Perchers, Vultures. But fossil 
birds are of very rare occurrence; none have yet been found 
in America, although Mammalian remains are common. 

In the class of Mammals : — The occurrence of the first of 
Whales, the first of Carnivores, Herbivores, Rodents, Monkeys, 
and of other tribes, indicating a large population of brute 
animals wholly different from the present in species, though, 
in general, related to the modern kinds in form and strac- 
tore. A few, however, are widely diverse from any thing 
in existence, — snch combinations as the mind would never 
have imagined witboat aid from the skeletons furnished by 
the strata. 

In the early Eocene there appear to have been more 
Herbivores than Carnivores; hut afterward the Carni- 
vores were as common as now. 

Cuvier first made known to science the existence of fossil 
Mammals. The remains from the earthy beds about Paris 
had been long known, and were thought to be those of 
modern beasts. But, through careful study and comparisons 
with living animals, he was enabled to bring the scattered 
hones together into skeletons, ascertain the tribe to which 
they belonged, and determine the food and mode of life of 
the ancient but now extinct species, Cuvier acquired hia 
skill by observing the mutual dependence which subsists 
between all parts of a skeleton, and, in fact, all parts of 
an animal. A sharp claw is evidence that the animal has 
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troDchant or cutting molar teeth, and is a fleBh-eater; a 
hoof, that ho has broad molars and is a grazing epecies; 
aod, furthor, every bone has i*ome modification showing the 
group of species to which it belongs, and may thna be an 
indication, Id the hands of one well versed in the subject, 
of the special type of the animal, and of its strnctnre, even 
to its stomach within and its hide without. 

One of these Paris beasts is called a Paleothere (from the 
Greek palaios, ancient, and tkerion, wild beast. Its form, as 
restored, is shown in figure 346. It is related to the modem 
Tapir, and was of the size of a horee. Another kind, called 



Fig. 3U. 




an Anoplotkere, was of more slender habit, and somewhat 
resembled a stag. There were others, related to the hog, or 
Mexican Peccary, and to the horse; also some Carnivores, a 
Bat, and an Opossum. 

The only American Eocene Mammals that have heed dis- 
covered are those of the ocean, as Whales. The bones 
of a species of whale, called a Zeuglodon, occur in many 
places in the Gulf States; and in Alabama the vertobres 
were formerly so abundant as to have been built up into 
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stone walls, or burnt to rid the fields of them. The living 
aDimal was probably 70 feet in length. One of the larger 
vertebra measures a foot and a half in length and a foot in 
diameter. 

The Miocene beds of the " Bad Lands" on the White 
Kiver, in the Upper Missonri region, have afforded remains 
of a largo number of Miocene quadrupeds. Among them, 
according to Leidy, there are eight Carnivores related 
somewhat to the Byena, Dog, and Panther; 25 Herbivores, 
including 2 Rhinoceroses, and species approaching the Tapir, 
Peccary, I>eer, Camel, Horse; and 4 Bodente, besides many 

Fig. M7. 



Twtli of I^IanaUwcinm Prontll (X iH- 

Turtles. Figure 847 represents a tooth, half the natural 
size, of a Titanothere, an animal related to the Tapir and 
Paleofbere, but of elephantine size, standing probably 7 or 



TeeUi of Rhinoceros N«brt>ceiiaia. 

8 feet high. Figure 348 represents a few of the teeth of 
one of the Rhinoceroses. 
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Among Mammala of the Enropean Miocene there were 
Elephants, Mastodons, Deer, and other Herbivores, many 
Carnivores, Monkeys, Ant-eaters, etc. One of the most sin- 
gular species ia the Dinothere, the form of the sknll of which 
— the only part of the skeleton found — is shown in the 
annexed figure; its actual 
length is 3 feet 8 inches. It *' 

appears to have had a pro- 
boscis like an Elephant, but 
the tusks proceeded tVom the 
lower instead of upper jaw, and 
were bent downward. Some sup- 
pose it to have been related to 
the Elephant, and others to the 
marine Manatus and Dugong. 

In fresh-water Pliocene beds 
of the Upper Missouri there are 

remains of a fauna totally dif- ninotbarium gifuitwm (XAV 
ferent in species from that of 

the Miocene. It included a Rhinoceros, an Elephant of great ' 
size, a Mastodon, 3 species of Camel, 4 of the Morse family, 
Seers, a Wolf, a Fox, a, Beaver, and a Porcupine, all of 
extinct species; it had, in its Camels and Bhinoceros and 
Elephant, quite an Oriental character, as Leidy observes, 
though still prominently Korth American in the preponder- 
ance of Ungulates, and the absence of the South American 
type of Edentates or Sloths. 

The earliest of the Bovine or Ox group occur in the 
European Pliocene. 

4. General Obeerratioiu. 

1. Geography. — The Tertiary period completed mainly the 

work of rock-making, along the borders of the continent, 

which had been in progress during the Cretaceous period. 

The accompanying map shows approximately the part of 
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the continent of North America nndor the 8ea when the 
Tertiary era began. By comparing it with the map of the 

Fig. 350. 



Hsp ot North America la the eulj put ot the TerUu^ PBrlod. 

Cretaceous continent, p. 196, it is Been that the Bocky 
Hountain region had become dry land in the interval; but, 
as Haydeu has shown by the discovery of brackish -water 
beds in the lowest Tertiary of the Upper Missouri region, 
the elevation was at first small; and its present height was 
gradually attained later in the Tertiary period. The great 
river-system of the Missiaaippi, embracing slopes from the 
Kocky Mountains on the west to the Appalachians on the 
east, then for the first time became complete. The Mexican 
Gulf was much larger than at present; but there was not 



D,q,i,.cd by Google 



218 CZNOZOIC TIME — MAMMALIAN AGE. 

that long extension far northward which it had during the 
Cretaceoos period. Flonda was etill submerged, and also 
all the bays of the Atlantic coast south of New York. After 
the Eocene epoch the Mexican Gulf became much more 
contracted bj an elevation of the coaet along the Grulf; and 
by the close of the Tertiary period the continent appears t6 
have reached nearly it* present outline. 

In the Orient the Eocene era was one of very extensive 
submergence of the land, as shown by the distribution of 
the marine beds over Europe, Asia, and northern A&ica, 
as stated on page 208. After the Eocene, the greater part 
of these continental seas had become dry land, and in gene- 
ral continued bo afterward ; for the Miocene and Pliocene are, 
comparatively, very limited in extent. The fact that many 
of the great mountains of the globe, as the Pyrenees, Alps, 
Carpathians, Himalayas, etc., were only partly made, is here 
proved by their containing Eocene rocks in their structure, 
or by their bearing them about their summits. 

By evidence of this kind, — the presence of Eocene strata, 
— it is learned that the elevation of the Pyrenees, though 
commenced before the close of the Cretaceous, was mainly 
produced in the middle or later part of the Eocene, aa also 
that of the Julian Alps, the Apennines and Carpathians, 
and that of heights in Corsica. The elevation of the western 
Alps, including Mont Blanc, is referred by Elie de Beaa- 
mout to the close or latter part of the Miocene epoch; and 
that of the eastern Alps, along the Bernese Oberland, to 
the close of the Pliocene. An elevation of 8000 feet took 
place in Sicily after the Pliocene. The Himalayas, in their 
western part about Cashmere, have nummuiitic or Eocene 
beds, at a height of 15,000 feet; so that even this great chain, 
although earlier elevated to the east, was not completed 
before the Middle Eocene; and even later than this, as .later 
Tertiary beds at lower levels show, it received a consider- 
able part of its elevation. 
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Many parts of the region of the Andes were raised 8000 
to 5000 feet or more in the course of the Tertiary period. 

Climate. — In Europe, the fact that the plants of the Eocene 
were Aastralian in character over its central and southern 
portions, and that Palme abounded in Britain, is evidence 
of a tropical or sub-tropical climate on the south, and sub- 
tropical or warm-temperate on the north. 

Again, the plants of the Miocene, in aoathem Europe, are 
supposed to indicate a sub-tropical climate there during the 
middle Tertiary. 

In North America, the Eocene palms and other plants of 
the Upper Missouri region show that the temperature now 
found in the Dismal Swamp in I^orth Carolina characterized 
in the early Tertiary era the region of the Upper Missouri, 
the vicinity of the Great Lakes, and Vermont (where is the, 
Brandon deposit of nuts and lignite). 

The Camels, Rhinoceroses, and other animals of the Plioeene 
of the Upper Missouri seem to prove that a warm-tem- 
perate climate still prevailed there in that closing epoch of 
the Tertiary period. It is therefore plain that the Earth 
hadnotitspresont diversity of zones of climate; and Europe 
was apparently little if any colder in the Eocene than in 
the Jurassic era. If the interval between the Cretaceous 
and Tertiary was one of unusual cold, through Arctic and 
other elevations, as suggested on page 204, the cold epoch 
had mostly passed when the Eocene era opened. 

II. POST-TBRTIAEY PERIOD. 

1. General oharaoteristioi. — The Post-tertiary period was 
remarkable (1) as the period of culmination of the type of 
Mammals; and (2) as that of high-latitude movements and 
operations both north and south of the equator. 

2. Epocbv. — The epochs, as observed in North America, are 
two: — 

1. The G-LAOiAL, or the epooh when, over the higher laii- 
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tudes, the continents underwent great modificationa in the 
I'caturea of the surface through the ageucj of ice. 

2. The Chamflain, an epoch when the ice had disap- 
peared, and the same high4atitude portions of the continent, 
and to a less extent the lower, became covered by extensive 
fluvial and lacastrine formations, and also, in some places, 
by marine. 

These epochs were followed in America by another, — ^the 
Tebbaoe epoch, — which forma a transition to the Age of 
Man; when these fluvial, lacustrine, and marine formations 
were made into terraced heights by an elevation of the con- 
tinent which was also in the main a high-latitude movement. 

1. Glacial Epoch. 

The special effects of the operations going on in the 
Glacial epoch are the following : — 

1. TVansportation- — The transportation of a vast amount 
of earth and stones from the higher latitudes to the lower, 
over a large part of the breadth of a continent. 

The material cortaists of earth and pebbles, or stones, 
confusedly mingled or unstratified, and is called drift. It 
contains no marine fossils or relics. 

New England, Long Island, Canada, New York, and the 
States west to Iowa and beyond, are in many parts thickly 
covered with drift; it reaches south to the latitude of 39*, 
or nearly to the southern limitu of Pennsylvania, Ohio, 
Indiana, Illinois, and central Missouri, being hardly trace- 
able south of the Ohio River. 

The stones are ofall<]imensions,fVom that of a small pebble 
to masses as large as a moderate-sized house. One at Brad- 
ford in Massachusetts is 30 feet each way, and its weight is 
estimated to be at least 4,600,000 pounds. Many on Cape 
Cod are 20 feet in diameter. One lying on a naked ledge at 
Whitingham in Vermont measnrcs 43 feet in length and 30 
in height and width, or 40,000 cubic feet in balk, and waa 
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probably transported across Deerfield valley, the bottom of 
which is 500 feet below the spot where it lies. 

The drift-material ia coarsest to the north. 

The directions in which it travelled are in general between 
south westward and southeastward, and mostly between 
southward and southeastward. The material was carried 
southward across the great lakes and acroas Long Island 
Sound, the laud to the south, in each case, being covered 
with stones f^ouk the land to the north. 

The distance to which the stones were transported, as 
learned by comparing them with the rocks in place to the 
north, is mostly between 20 and 40 miles, though in some 
cases 60 miles or more. 

2. Scratches. — The rocky ledges over which the drift was 
borne are often scratched, in closely crowded parallel lines, 
as iu the annexed figure (fig. 351). The scratchings or groov- 



ings are often deep and broad channellings, at times even a 
foot in depth and several feet wide, as if made by a tool of 
great size aa well as power. At Howe in Massachusetts and 
on the top of Mount Monadnock, the scratches arc of this 
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remarkable character. These Bcnttches occur Trherever the 
drift occurs, provided the underlying rocks are sufficientlj 
durable to have preserved them, and they are usually of 
great uniformity in any given region. Frequently two or 
more directions may be observed on the same surface, aa if 
made at different epochs. 

They are found in the valleys and on the elopes of moun- 
tains to a height, on the Green Mountains, of 5000 feet. 

They often cross slopes and valleys obliquely, — ^that la, 
without following the direction of the slope or valley. But, 
when so, it is usually found that these valleys are tributary 
to some great valley to which the oblique scratches are more 
or less nearly parallel. For the courses of the scratches 
generally conform to the directions of the great valleys of 
the land, rather than to those of the smaller. Thus, in the 
Hudson Biver valley, between the Catskills and Green Moun- 
tains, the scratches have mostly the Hudson River course ; 
and in the Connecticut River valley, between the Green 
Mountains and the heights of eastern Massachusetts, they 
conform in general to the course of the Connecticut valley. 

While the courses are generally from the northward to 
the southward, like those of the drift, there are cases of 
eastward and westward scratches. Such occur on the eleva- 
tions south of the Mobawk valley, near Cherry Valley, and 
over the bottom of the Mohawk valley, near Amsterdam, ■ 
at various localities; they are here parallel to the course of 
the great Mohawk valley. 

The stones, or boulders, are often scratched like the rocks. 

European drift. — The drift in Europe presents the same 
general course and peculiarities as in North America. It 
reaches south to about latitude 50°. The region sonth of 
the Baltic, and parts of Great Britain, are covered with 
drift and stones from Scandinavia. The distance of travel 
varies from 5 or 10 miles to 600 or 600. 

3. If^ords. — Fiords are deep narrow sea-channels, running 
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many milee into the land. They occur on the coasts of Nor- 
way, Britain, Maine, Nova Scotia, Labrador, Greenland, on 
the coaet of western North America north of the Straits of 
de Fnca, and that of western South America south of lati- 
tu(k 41° S. 

Fiords are thus, like the drift, confined to the higher lati- 
tades of the globe; and the two may have been of cotempo- 
raneons origin. 

Origin of the drift. — ^Nothing but moving ice conld have 
transported the drift with its immense boulders. Ice is per- 
forming this very work now in the glacier regions of the 
Alps and other icy mountains, and stones of as great size 
have in former times been borne by a slow-moving glacier 
&om the vicinity of Mont Blanc across the lowlands of 
Switzerland to the slopes of the Jura Mountains, and left 
there at a height of 2203 feet above the present level of Lake 
Geneva. Moreover, there are scratches, of precisely the 
same character as to numbers, depth, and parallelism, in the 
granitic and limestone rocks of the ridges; and, besides, 
the transported material is left unstratified, when not after- 
wards acted upon and redistributed by Alpine torrents. 

Icebergs also transport earth and stones, as in the Arctic 
seas ; and great numbers are annually floated south to the 
Newfoundland banks, through the action of the northern 
or Labrador current, where they melt and drop their great 
boulders and burden of gravel and earth to make unstrati- 
fied deposits. ' It Is objected to icebergs as the cause of the 
phenomena of drift, that they could not have covered great 
surfaces so regularly with scratches, and, again, that there 
are no marine relics in the unstratified drift to prove that 
the continent was under the sea in the Glacial epoch. 

There is a seeming difficulty in the Glacier theory, from 
the supposed want of a sufficient slope in the surface to 
produce movement. A slope, however, of one degree would 
be enough. The production of the degree of cold required 
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to make a glacial epoch is an indication that the continent 
waa considerably higher than it is now over its higher lati- 
tudes; and the fiords are other evidence to the Bame effect, 
since they mnst have been scooped out when the land was 
above the sea-level, so that ranning water or ice could have 
carried on the erosion by which they wer&made. If a great 
glacier, covering the land, had moved along through its 
extent but a single mile, it would have made soratcheB every 
where beneath it ; and 50 miles are all that would have been 
required in order to have transported the boulders the dis- 
tances they are known to have travelled in North America. 
The Connecticut valley appears to have been the cooi^e 
of one great independent glacier ; the Hudson valley, of 
another; and the Mohawk valley, in the latter part of the 
epoch at least, of another. 

2. Chahflain Epoch. 

The principal deposits of the Champlain epoch are of 
three kinds ; — 

(1.) Alluvial, or those formed along river-valleys by the 
action of the atrearas. 

(2.) Lacustrine, or those formed about lakes. 

(3.) Sea-border or fnarine, or those formed on or near sea- 
coasts, and often containing marine remains. 

The alluvial deposits occur in all or nearly all the river- 
valleys within the drift latitudes of the North American 
continent, from Maine to Oregon and California ; and they 
exist even farther south, in Kentucky and Tennessee, and 
perhaps in the Ga\t States. 

The beds consist of earth, clay, sand, or pebbles, or of 
mixtures of these materials. They overlie the unstratified 
drift wherever the two are in contact. 

They form at present elevated alluvial flats on one or 
both sides of a river-valley. Their elevation above the bot- 
tom of the valley is greater in northern New England than 
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in sonttieni ; and there is & like difference between th<»e of 
the northern and southern parts of the States to the west 
of J^ew England. 

The flats have great extent along the Connecticut Biver 
and its various tributaries. The view in fig. 352 represents 
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a scene a few miles below Hanover in New Hampshire. 
There are here three diEFerent levels, or terraces, in the 




alluvial formation; the upper shows the total thickness of 
the formation down to the river-level. 
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Figure 363 represents a section of a valley, with the allu- 
vial formation,//, filling it, and the channel of the river at 
R. Were the country to be elevated, the river wonld dig 
ont a deeper channel as the elevation went on, and thus the 
alluvial formation would finally be left far above the river, 
beyond the reach of its waters. The river would at the 
same time wear away a portion of the alluvium either side 
during its fioods, and thus make room for a lower flat on its 
banks, over which the flooded waters would spread; for 
every river, not confined by rocks, has both its channel and 
its fiood-ground. 

The la£nstrine deposits are of similar character, of like 
distribution over the continent, and in equally elevated 
positions above the present level of the water they border. 
The great lakes, as well as the smaller lakes of the country, 
are bordered by them. 

The sea-border deposits are found along the borders of the 
sea, and often have the character of elevated beaches. They 
are found at many places on the coasts of New England, 
both southern and eastern. At several localities in Maine 
they afl'ord shells at heights not exceeding 200 feet above the 
sea-level. They form deposits of great thickness along the 
St. Lawrence, as near Quebec, Montreal, and Kingston ; at 
Montreal they contain numerous marine shells at a height 
of 400 to 500 feet above the river. They border Lake 
Champlain, being there 393 feet in height above its level; 
and, besides marine shells, the remains of a whale have been 
taken fVom the beds. 

In the Arctic, similar deposits full of shells are common, 
at different elevations up to 600 or 800 feet, and in some 
places 1000 feet, abo^e the sea-level. 

These sea-border deposits, now elevated, must have been 
at the water-level, or below it, in the Champlain epoch. The 
facts prove that the river St. Lawrence was at that time 
an arm of the sea, of great breadth, with the Iwrdering land 



., Google 



P08T-TERTIABY PERIOD. 227 

400 to 600 feet below its present level; that Lake Cliamplain 
was a deep bay opening into the St. Lawrence channel, and that 
it had its whales and seals as well as sea^kellt ; that the coast 
of Maine was 50 to 200 feet below its present level, and 
southern New England 30 feet or more. 

The present elevated positions of the alluvial and lacustrine 
formationB over the wide extent of the continent are equally 
good evidence that its interior, in the Champlain epoch, was 
below its present level. 

There is thns proof that the whole northern portion of 
the continent was lees elevated than now. In fact, the 
whole continent may have been lower; but, if so, the northern 
parts mnst have been most depressed, since the sea-border, 
alluvial, and lacnetrine formations are all at higher elevations 
to the north, or near the northern boundary of the United 
States, than they are to the south. 

While, therefore, the facta connected with the Glacial 
epoch favor the view that the northern portions of the con- 
tinent were then much raised above their present level, those of 
the next or Champlain epoch prove that it was afterwards 
vmch below its present level. We hence learn that there was 
an upward high-latitude movement for the Glacial epoch, 
and a downward for the Champlain epoch, and that the 
latter movement brought to its close the epoch of ice, by 
occasioning a warm climate. 

8, Terrace Epoch. 
When the Champlain epoch was in progress, the upper 
plain of the sea-border formations, now bo elevated, was at 
the sea-Ievel ; and the high allnvtal plains along the rivers 
were the flood-gronnds of the rivers. Since then the land bos 
been raised; and during the progress of the elevation the 
alluvial formations were cut into terraces, as represented in 
fig. 352, p. 225, and the sea-border formations, also, were cut 
info other terraces, or plains, of different levels. The epoch 
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of this eloT&tioD is hence called the Terrace epoch. It con- 
stitutes the transition to the Age of Man. 

In figure 358 there are dotted lines showing the levels of 
the river and its flood-plain at diflerent periods in this ele- 
vation ; and fig. 354 represents the terraces completed. The 
e terraces are not necessarily evidence of as many 
Fig. 3M. 




snccessive elevations of the continent, jet may be so in 
some cases. 

As already stated, the allnvial formations throughout tJie 
continent, along its various rivers and lakes, are raised high 
above the present flood-plains of the rivers or lakes, and to 
a greater height in the northern portions of the conntry 
than in the southern. Hence, while the Champlain epoch 
was one of a low level in the continent, especially at the 
north, the Terrace epoch was one of a rising again until 
the continent reached its present height; and this rising 
was greatest at the north. 

The high-latitude oscillations of this part of geological 
history were hence an upward movement for the Glacial 
epoch; a downward for the Champlain epoch; an upward 
again for the Terrace epoch. There is no evidence that the 
movement resulted anywhere in the raising of a mountain- 
range; there was simply a gentle rising, then a sinking, and 
then a rising again of the general surface. 

4. Chahplain and TEaiiACE Epochs in Edrope. 
There are elevated alluvial, lacustrine, and sea-border 
formations, of great extent, in Britain and over the higher 
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latitadea of Europe, and also other evidence that these 
epochs were thoro represented bj phenomena similar to 
those of America. But the limits of the epochs have not 
been made out, and are probably less clearly defined. Tho 
Glacial epoch may have been more prolonged, and the 
grander northern oscillations complicated by local changes 
of level. Europe has had its lofty glacial mountains ever 
since the closing Tertiary period. It is not improbable that 
the existing glaciers of Norway and the Alps are continuations 
of portions of the more ancient glaciers of the continent. 
After the Champlain epoch there was a time of unusual cold in 
Europe; and a glacier then covered all Switzerland between 
the Alps and the Juras (p. 223) ; for the transported atones 
and earth of the glacier cover the alluvial and lacustrine 
deposits. The simplicity observed in the order of events in 
American geological history is not found in any part of 
the European. 

Among the British terraces those of Glen Roy in Scot- 
land, called Parallel roads, or Benches, are especially noted. 
There are three, one above the other; the highest 1139 feet 
above tide-level, the second 1039 feet, the third 847 feet, 
Othera exist along many of the rivers and about the lakes, 
as well as on the sea-borders. 

LIFE OF THE POST-TERTUET. 

The invertebrate species of the Post-tertiary, and probably ' 
the plants, were nearly or quite all identical with the exist- 
ing species. The shells and other invertebrate remains 
found in the beds on the St. Lawrence, Lake Champlain, 
and the coast of Maine, are all similar to those now found 
on the Labrador and Maine coasts. 

The life of the period of greatest interest is the Mam- 
malian, which type, as already remarked, then culminated. 
This culmination appears in — (1) the number of species, 
(2) the multitude of individuals, (3) the magnitude of tho 
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animals, — tho period in each of these particulars exceeding 
the present age. 

The remains in America have not been found in the 
UDBtratified drift, but only in the overlying Champlain 
deposits, or possibly those of more recent origin. In 
Europe they are not excluded from the drift. 

1. Europe and Asia. — The bones of Mammals are found iu 
caves that were their old haunts; in drift and alluvium; in 
sea-border deposits ; in marshes, where the animals appear 
to have been mired ; in ice, preserved from decay by the 
intense cold. 

The caves in Europe were the resort especially of the 
Great Cave Bear ( Ursus spelmus), and those of Britain of the 
Cave Hyena {Symna spelwd). Into their dens they dragged 
the carcases or bones of other animals for food, so that relics 
of a large number of species are now mingled together in 
the earth, or stalagmite, which forms tho floor of the cavern. 
In a cave at Kirkdale, England, portions of at least 75 
Hyenas have been made out, besides remains of an Elephant, 
Tiger, Bear, Wolf, Fox, Rare, Weasel, Shinoceros, Morse, 
Hippopotamus, Ox, and Deer, all of which are extinct species. 
A cave at Gaylenreuth is said to have afforded fragments 
of at least 800 individuals of the Cave Bear. 

The fact that the numbers of species and of individuals 
in the Post-tertiary was greater than now, may be inferred 
from comparing the fauna of Post-tertiary Great Britain 
with that of any region of equal area in the present age. 
The species included gigantic Elephants, two species of 
Rhinoceros, a Hippopotamus, three species of Oxen, two of 
them of colossal size, the Irish Elk (Megaeeros Hibernicus'), 
whose height to the summit of its antlers was 10 to 11 feet, 
and the span of whose antlers was 8 feet, or twice that of 
the American Moose, Deer, Horses, Boars, a Wild-cat, Lynx, 
Leopard, a Tiger larger than that of Bengal, a large Lion 
called a Machcerodus, having eabi-c-like canines sometimes 
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8 Inches long, the Cave Hyena, Cave Bear, besidea Tarions 
Bmaller species. 

The Elephant (Elephas prtmigemus) was nearly a third 
taller than the largest modern species. It roamed over 
Britain, middle and northern Sorope, and northern Asia 
even to its Arctic shores. Great quantities of tusks have 
been exported from the borders of the Arctic sea for ivory. 
These tusks sometimes have a length of 12i feet. Near the 
beginning of the century, one of these Elephants was found 
frozen in ice at the mouths of the Lena; and it was so well 
preserved that Siberian dogs ate of the ancient flesh. Its 
length to the extremity of the tail was 16^ feet, and its 
height 9J feet. It had a coat of long hair. But no amount 
of hair would enable an Elephant now to live in those 
barren, icy regions, where the mean temperature in winter 
is 40° E. below zero. 

Although there were many Herbivores among the Post- 
tertiary species of the Orient, the most characteristic ani- 
mals were the great Carnivores. The period was the time 
of triumph of brnte force and ferocity, and the Orient — 
and perhaps especially the part of it in which lay Britain 
and Europe — was the scene of its triumph. 

2. North America. — There were great Elephants and Mas- 
todons, Oxen, Horses, Stags, Beavers, and some Edentates, in 
Fost-tertiary North America, unsurpassed in magnitude by 
any in other parts of the world. Herbivores were the cha- 
racteristic type. Of Carnivores there were comparatively 
few species; no bone-caverns have been discovered. Figure 
355 (from Owen) represents the specimen of the American 
Mastodon now in the British Museum. The skeleton set up 
by Dr. Warren in Boston has a height of 11 feet and a 
length to the base of the tail of 17 feet. It was found in a 
marsh near Newburgh, New York. The American Elephant 
was fully as large as the Siberian. 

3. iSouth America. — South America had its Carnivores, its 



D,q,i,.cdbvGooyk" 



2^i CENOZOIC TIME — MAMMALIAN AQE. 

HaBtodona, and other Herbivores ; but it was most remark- 
able for its Edentates, or Sloths, which were wonderful both 



for their magnitude and numbers. Fig. 356 shows the form 
and skeleton of one of these animals, — ^the Megathere. It 
exceeded in size the largest Bhinoceros : a skeleton in the 
British Museum is 18 feet long. It was a clumsy, sloth-like 
beast, but exceeded immensely the modern sloth in its siie. 
Another kind of Edentate had a shell like a turtle, and was 
somewhat related to the Armadillo. One of them is called 
a Glyptodon (fig. 857). The animals of this kind were also 
gigantic, the Glyptodon here figured having had a length, 
to the extremity of the tail, of nine feet. 

Sonth America waa eminently the continent of Edentates- 
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4. Australia. — Post-tertiary AaBtralia coDtained Uaraapial 
aaimals almost exclusively, like modem Aastralia; bat 



these partook of the gigantic sizo so characteristic of the 
Mammalian life of the period. One species, called Dipro- 
todon, was as large as a Hippopotamus. 

Conclusiojis. — The facts sustain the following conclusions: 

Fig. 347. 



— (1.) The Post-tertiary period was the culminant time of 
Mammals, both as to their numbers and magnitude, 
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(2.) Each coQtineDt was gigantic in that type of Mam- 
maliaa life which is now eminently characteristic of it : The 
Orient, in Carnivores, and, it may be added, Quadrumanes or 
Monkeys; North America, in Herbivores; South America, in 
Edentates; Anstralia, in Marsupials. 

(8.) The climate of Great Britain and Europe, where 
were the haunts of Lions, Tigers, Hippopotamuses, etc., must 
have been warmer than now, aad probably not colder than 
v>arm4emperate. The climate of Arctic Siberia was such 
that shrubs could have grown there to feed the herds of 
Elephants, and hence could not have been below sub-frigid, for 
which degree of cold it is possible the animals might have 
been adapted by their hairy covering. 

(4.) The meridian time of the Foat-tertiary Mammals 
was, hence, one of warmer climate over the continents than 
the present, and much warmer than that of the Glacial 
epoch. The species may have begun to exist before the 
Glacial epoch ended in Europe, but belonged pre-eminently 
to the Champlain epoch, when the lower level of the land 
over the higher latitudes would have occasioned a warm 
climate. 



GENERAL OBSERVATIONS ON THE CENOZOIC ERA. 

1. Contrast between the Tertiary and Post-tertiary periods 
in geographical progress. — The review of Cenozoic time has 
brought out the tme contrast in the results of the Tertiary 
and Post-tertiary periods. _ 

The Tertiary carried forward the work of rock-making 
and of extending the limits of dry land southward, south- 
eastward, and southwest ward, which had been in progress 
throngh the Cretaceous period, and, indeed, ever since the 
Azoic age. 

The Post-tertiary transferred the scene of operations to 
the broad snrface of the continent, which had been long 
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in course of preparation, and especially to its middle and 
higher latitudes. 

Through the Tertiary the higher mountains of the globo 
had been rising and the continents extending; and hence 
the great rivers with their numerous tributaries — which 
are the oflfepring of great mountains on great continents — 
began to exist and to channel out the mountains and make 
valleys and crested heights. In the Glacial epoch this work 
went forward with special energy. The exposed rocks were 
torn to fragments by the frosts and moving ice, or, in regions 
beyond the reach of glaciers, by the torrents; the earth and 
boulders formed were borne over the surface, and the ex- 
cavation of valleys was everywhere in progress. In the 
Champlain epoch, the low level at which the land lay, and 
the gradual disappearance of the ice, enabled the flooded 
streams to fill the great valleys deep with alluvium. In the 
Terrace epoch, which followed, the upward movements of 
the land terraced the alluvial deposits along the river- 
valleys and about the lakes, and completed the action of the 
rivers and vegetation in spreading fertility over the land. 

Thus, under the rending, eroding, and transporting power 
of fresh waters, frozen and unfrozen, — the great Post-tertiary 
agent, — in connection with high-latitude oscillations of the 
earth's crust, the surface of the earth was brought into a 
state of ^preparation for the Age of Mind. 

2. Life. — In the Ccnozoie era, as in the preceding, exter- 
minations took place at several successive times, and were 
followed by new creations. The Mammals of the early 
Eocene are wholly distinct from those of the later; and 
these were distinct from any of the Miocene, the Miocene 
from the Pliocene, and the Post-tertiary from the Pliocene. 

According to the present state of discovery, Mammals 
commenced in the Mesozoic era, late in the Triasaic period, 
and the Mesozoic species were all Marsupials or Insedivores. 
They were the precursor species, prophetic of that expansion 
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of the new type which was to take place after the Age of 
Beptiles had closed. In the early Eocene, at the very open- 
ing of the Age of MammalB, appeared Herbivores and Car- 
nivores of large size. The Herbivores were mostly Pachy- 
derms, related to the Tapir and Hog, and distantly to the 
Stag. The true Stag-family among Ruminants, and the 
Monkeys, commenced in the Miocene, or possibly in the 
later Eocene; the Elephant tribe, in the Miocene; the 
Bovine or Ox family, in the Pliocene, or late in the Tertiary. 
The last group seems to be more than all others especially 
adapted to man's necessities; and it was accordingly 
among the last of the types introduced on the globe. 



V. ERA OF MIND— AGE OF MAN. 

With the creation of Man a new era in Geological history 
opens. In earliest time only matter existed, — dead matter. 
Then appeared life, — unconscious life in the plant, conscions 
and intelligent life in the animal. Ages rolled by, with 
varied exhibitions of animal and vegetable life. Finally 
Man appeared, a being made of matter and endowed with 
life, but, more than this, partaking of a spiritual nature. The 
systems of life belong essentially to time, but Man, through 
his spirit, to the opening and infinite Aiture. Thus gifted, 
Man is the only being capable of reaching towards a know- 
ledge of himself, of nature, or of God. He is, hence, the 
only being capable of conscious obedience or disobedience 
of any moral law, the only one subject to degradation 
through excesses of appetite and violation of moral law, the 
only one with the will and power to make nature's forces 
his means of progress. 

Man shows his exalted nature in his material structure. 
His fore-limbs are not made for locomotion, as in all 
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qu&drupeds. They are remored ftom the locomotive to the 
cephalic series, where they normally belong ; for the fore- 
limbs in Vertebrates have been shown to be strictly append- 
ages of the occipital part of the head, although far displaced 
in all excepting Fishes. They are fitted to serve the head, 
and especially the intellect and sonl. Man stands erect, his 
body placed wholly under the brftin, to which it is sub- 
ttervient; and his feet are simply for support and locomo- 
tion, and not, as in the Monkeys, grasping or prehensile 
organs for climbing. His whole outer being, in these and 
other ways, showa forth the divine feature of the inner 
being. And nature acknowledges with an appearance of 
homage the spiritual element of the new age ; for the fierce 
tribes that attend Man have but one-fourth the siee in bulk 
of those that possessed the earth in the Age of Mammals, 
and all her departments are full of wealth and beauty for 
Man's good. 

1. Eoek-depoaits. 
Stratified deposits of rock-material are in progress in the 
Age of Man, as they had been in the preceding ages. They 
occur as alluvial beds along the rivers ; as lacustrine in and 
about lakes; as sea-border in beaches, sand-flats, shore- 
marshes, and off-shore accumulations of earth, mud, or sand ; 
and they olten contain buried shells, hones, leaves, — ^relies 
of the living species of the age. Rivers, and, about some 
heights, glaciers, are at work wearing down mountain- 
ridges and bearing the detritus to the lower lands. Ice- 
bergs, laden with earth and stones, are floated &om the 
Arctic to the banks of Newfoundland, where they melt and 
drop the stony material over the bottom. Marshes over 
many parts of the continents have their aeeumnlations of 
vegetable debris making peat, closely imitating the forma- 
tion of the great beds of vegetable debris of the Coal era. 
The nature and origin of these modem deposits are con- 
sidered under Dynamical Geology. 
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Tbo pocuiiarity of the age, as reepects its rock-depo^tSy 
olIjiDg it to Conozoic tioie, and especially to the Post- 
tertiary, and distingoishing it from earlier ages, is the fact 
that its marine deposits are almost wholly confined to the 
borders of the continents, the deposits of the interior being, 
, with a few small exceptions, of terrestrial or fresh-water 
origin. 

8. Life. 

The I>ife of the age has the following among its charac* 
teristics : — 

1, There is a vast diversity of terrestrial life. For the 
continents have now their greatest extent and their greatest 
variety of climates; and hence, as life is adapted to all its 
different conditions, this life must exceed tn diversity that of 
earlier time, especially thot of all periods before the Post- 
tertiary. As to Birds and Insects, it probably exceeda 
greatly any earlier period in number of species, bat not so as 
to Mammals and Beptiles. Id oceanic life the age may be 
far behind the preceding ages, both in the number of species 
of most classes and in the number of individuais under the 



2, While the Post-tertiary epecies of Invertebrates and 
Plants are the same as now exist, it cannot be asserted that 
all now living then existed. It is probable that, as the Post- 
tertiary period drew to its close, and the present climates 
of the globe were introduced by the movements of the 
earth's crust in the following Terrace epoch (p. 228), there 
were large additions of species, especially of those adapted 
to promote Man's physical, intellectnal, and moral progress, 
through their nutritious or healing virtues, their strength 
and beauty, and their power of multiplying the necessities 
of labor and the evils of indolence. 

3. The peculiar Mammalian life of the age appears to 
have commenced its existence mostly in the Terrace epoch, 
as is proved by the fact that their remains are found in 
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ancient alluvium in the same latitudes of Europe in which 
they now occur, or evca in lower latitudes. For this shows 
that the species were distributed over the continent very 
much as they are now, and therefore that the plimate of 
Europe was essentially the same as now; and this was true 
as the Terrace epoch made progress, and not before it in ■ 
the Ohamplain epoch (p. 234). 

4. The Mammals of the age have not more than one-fourth 
the bulk of those of the Post-tertiary, the Elephants, Lions, 
Tigers, Elk, Deer, Horses, Sloths, Kangaroos, Beavers, etc., 
being all of much reduced size. 

5. When the Mammals of the age first appeared, there 
were still some of the great Post-tertiary Mammals in 
existence,— as the Elephant, Shinoceros, Cave-Bear, and some 
others, — as is proved by the bones of these species occurring 
in the same beds with those of modern animals. 

The cooling climate of the progressing Terrace epoch 
may have occasioned the final extermination of the giant 
Post-tertiary animals. 

6. Man, the dominant species of the age, adds a new class 
of fossils to the earth's deposits. There are, besides his 
own bones, remains of his works, as, for example, flint 
arrow-heads and hatchets, carved wood, coins, books or 
parchments, buried cities like Pompeii and Nineveh. 

Figure 358 represents a fossil skeleton of Man from a 
shell-rock of Guadaloupe. It is the remains of an Indian 
killed in battle two centuries since; and the rock is of the 
same kind with that which is now forming and consolidating 
on the shores. Figure 359 represents a coin-conglomerate 
containing silver coins of the reign of Edward I., found 
at a depth of ten feet below the bed of the river Dove in 
England. 

7. Man appears to have begun his existence in the Terrace 
epoch, before the complete extinction of the Post-tertiary 
Mammals; for flint an'ow-heads and some other human 



D,q,i,.cd by Google 



24Q ERA OF HIND. 

relics are found in deposits and caveras containing bones of 
the same Post-tertiary specieB that are mentioned in § 5, as 
near Abbeville and Amiens in France, and at a few other 
localities in Europe and in Britain. 

S. Man fs of one species. He stands alone at the summit 
of the ayetem of life. 

He was created in the temperate zone, — for the species 
degenerates in the tropics; and in the warmer part of the 

Figa. SbS, ZiO. 



Hnmsn BtelcUn from OiiBdsloupe. OJnglomerate eontidning ttAm. 

temperate, because this would best suit his primitive con- 
dition, without arts or education. 

His place of origin was not on both the Occidental and 
Oriental continents; for no species of Mammals (excepting 
some in the Arctic) are common to the two; but in the 
Orient, which was the continent of the highest of Mammals 
through the Age of Mammals, and which thereby promised 
to take the lead in future progress. No place of origin 
better accords with the conditions requisite for the species in 
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its original Btate and for the comm en cement of its develop- 
ment than that region in -western ABia, which ia a central 
point of radiation for the three great Oriental landa, Asia, 
Enrope, and Africa, where the Bible places his creation. 

9. Some Bpecies of animals have become extinct since the 
Age of Man began, and through Man's agency. The Dodo, 
a large bird looking like an overgrown chicken in its plum- 
age and wings, was abundant in the island of Mauritius 
nntil early in the commencement of the eighteenth century. 
The Moa, or Dinornis, is a. Kew Zealand bird of the Ostrich 
kind that was living less than -a century since ; it was 10 or 
12 feet in height, and the tibia (" drumstick") 80 to 32 inches 
long. In Madagascar remains of a still larger bird, but of 
similar character, occur, called an .Mpiornia; its egg is over 
a foot (13i inches) long. These are a few of the examples of 
the modern extinction of species. 

The progress of civilization tends to restrict forests and 
forest-life to narrower and narrower limits. The Buffalo 
once roamed over North America to the Atlantic, but now 
lives only on the Boeky Mountain slopes west of the Mis- 
souri Biver. The Beaver formerly ranged over the United 
States from the Pacific to the Atlantic, as well as to the 
Arctic, and many of their remains occur in caverns near 
Carlisle in Pennsylvania. It is now rarely seen east of 
the Missouri Eiver, though occasionally met with in 
northern New York and in some parts of the Appalachians 
to the southwest. The beaver, wolf, bear, and wild-boar 
were formerly common in Britain, but are now wholly 
exterminated. 

3. Changes of Lev«L 

The earth in this Age of Man — its ages of progress past — 

has beyond question reached an era of comparative repose. 

Its rocks are essentially completed; its mountains are made; 

its great outlines, early defined, have been filled out with 
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their various details; and, now that the syetem of life is 
fioished in the last creation, Man, the Earth, Man's resi- 
dence, is also in its finished state. But yet not only is the 
formation of rocks still in progress, — the forces of nature 
continuing to work as in former ages, — but there are also 
changes of level going on of the same kind with those of 
past time. 

These changes of level are mtiier paroxysmal,-~-th&t is, take 
place through a sudden movement of the earth's crust aa 
sometimes happens in connection with an earthquake; or 
they are secular, — that is, result from a gradual movement 
prolonged through many years or centuries. The following 
are some examples : — 

1, Paroxysmal. — In 1822, the coast of western South 
America for 1200 miles along by Concepcion and Talpa- 
raiso was shaken by an earthquake, and it has been esti- 
mated that the coast near Yalparaiso was raided at the 
time 3 or 4 feet. In 1835, during another earthquake in 
the same region, there was an elevation, it is stated, of 4 or 
5 feet at Talcahnano, which was reduced after a while to 2 
or 8 feet. In 1819 there was an earthquake about the Delta 
of the Indus, and simultaneously an area of 2000 square 
miles, in which the fort and village of Sindree were situated, 
sunk so as to become an inland sea, with the tops of the 
honses just out of water; and another region parallel with 
the sunken area, 50 miles long and in some parts 10 broad, 
was raised 10 feet above the delta. These few examples all 
happened within an interval of sixteen years. They show 
that the earth is still far from absolute quiet, even in this its 
finished state. 

2. Secular. — Along the coasts of Sweden and Finland on 
the Baltic there is evidence that a gradual rising of the land 
is in slow progress. Marks placed along the rocks by the 
Swedish government, many years since, show that the 
change is slight at Stockholm, but increases northward, and 
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is felt even at the North Cape, 1000 miles from Stockholm. 
At TJddevalla the rate of elevation is equivalent to 3 or 4 
feet in a ceotorj. 

In Greenland, for 600 mileB from Disco Bay, near 69" M"., 
to the firth of Igaliko 60° 43' N., a Blow sinking has been 
going on for at least four centuries. Islands along the coast, 
and old buildings, have been snbmerged. The Moravian 
settlers have had to put down new poles for their boats, and 
the old ones stand " as silent witnesses of the change." 

It is suspected that a sinking is also in progress along the 
coast of New Jersey, Long Island, and Martha's Vineyard, 
and a rising in different parts of the coast-region between 
Labrador and the Bay of Fundy. There are deeply buried 
stamps of forest-trees along the seashore plains of New 
Jersey, whose condition can hardly bo otherwise explained. 

The above cases illustrate movements by the centnry, or 
those slow oscillations which have taken place through the 
geological ages, raising and sinking the continents, or at 
least changing the water-line along the land. 

This &ct is to be noted, that these secular movements of 
the Age of Man are, so far as observed, high-latitude oscilla- 
tions, just as they were in the Post-tertiary period ; and they 
indicate, therefore, that the Post-tertiary system of changes 
has not yet reached its final end. 



GENERAL OBSERVATIONS ON GEOLOGICAL 
HISTORY. 

1. LENGTH OF GEOLOGICAL TIME. 
By employing as data the relative thickness of the form- 
ations of the Geological ages, estimates have been made of 
the time-ratios of those ages, or their relative lengths (pp. 
145, 198). These estimated time-ratios for the Paleozoic, 
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Mesozoic, and Cenozoic are 14 : 4 : 3, equivalent to 8i ; 1 : } ; 
— that ia, Paleozoic time wae 3} times as long ae the Meso- 
zoic, and the Cenozoic was three-fonrtha as long. But the 
nnmberfl may be much altered when the facts on which 
they are based are more correctly ascertained. There is no 
doubt that the Paleozoic era exceeded the Hesozoic in length 
3 or 4 times, and probably was fall twice as long as the Meso- 
zoic and Oenozoic united. It is also quite certain that the 
first of the Paleozoic ages — the Silurian — was at the least 
three times as long as either the Devonian or Carbonif- 

Hence comes the striking conclasion that the longest age 
of the world since life began was the earliest, — when the 
earth was even withoat fishes and nnmbered in its popala- 
tion only Radiates, Mollusks, and marine Articulates. And 
the time of the earth's beginnings before the introduction 
of life may have exceeded in length all subsequent time. 

The actual lengths of these ages it ia not possible to deter- 
mine even approximately. All that Creology can claim to 
do is to prove the general proposition that Time is long. 

One of the means of calculation which have been appealed 
to is that afforded by the Falls of Niagara. The river 
below the Palls flows northward in a deep gorge, or valley, 
with high rocky walls, for seven miles to Lake Erie. It ia 
reasonably assumed that the gorge has been cut out by the 
river, for the river is annaally making progress of this very 
kind. From certain fossiliferoas Post-tertiary beds over the 
country bordering the present walls, it is proved that the 
present gorge, about six miles long, was not made before 
the Glacial epoch. The present annual progress of the 
gorge from the cutting and undermining action of the 
waters has been vi^ously estimated from thre^ feet a centvri/ 
to one foot a year. At the larger estimate of one foot a year, 
tlie six miles would have required 31,000 years; and if the 
estimate bo one inch a year, or 8i foet a century, the timo 
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becomoa nearly 380,000 years. Since one foot a year la 
proved by obacrvation to be altogether too large an eati- 
matc, the calcnlation may be regarded ae at least eeta- 
bliabing the proposition that Time ia long, although it affords 
no satisfactory numbers. 

Other modes of calculation, based on the progress of 
coral reef-rocks and on delta and allnvial formations, have 
been adopted; but they all leave us in the dark as to nam- 
here of years, while establishing fully the general proposi- 
tion. 

2. GEOGRAPHICAL PROGRESS IN NORTH AMERICA. 

The principal steps of progress in the continent of North 
America are here recapitulated : — 

1, The continent at the close of the Azoic lay spread oat 
mostly beneath the ocean (map, p. 73). Although thus sub- 
merged, its outline was nearly the same as now. The dryland 
lay mostly to the north, as shown in the map. The form 
of the main mass approximated to that of the letter V, and 
it had a southeast and a southwest border nearly parallel to 
its present outline. 

2. Through the Paleozoic ages, as the successive periods 
passed, the dry land gradually extended itself southward in 
consequence of a gradual elevation : that is, the sea-border 
at the close of the Lower Silurian was as far south as the 
Mohawk valley in New York; at the close of the Upper 
Silurian it extended along not far from the north end of 
Cayuga Lake and Lake Brie ; and by the close of the Devo- 
nian age the State was a portion of the dry land nearly to 
its southern boundary. This progress southward of the sea- 
border in New York may be taken as an example of what 
occurred along the borders of the Azoic to the westward. 
In other words, there was through the Silurian and Devo- 
nian ages a gradual southerly extension of the dry part of 
the continent, — that is, to the southeastward and the south- 
westward. 
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By the close of the Cat-boQiferoas age, or before the open- 
ing of the Ifesozoic era, the dry portion appears to have bo 
far extended soathwardly as to inclade nearly all the area 
east of the Misaieeippi and north of the Gulf States, along 
with a part of that west of the MisBlsBippi, as far nearly as 
the western boandary of Kansas. 

3. Before the Silurian age began, and in its first period, 
great subsidences were in progress along the Lake Superior 
region, when the thick Huronian and Potsdam formations 
were made. The facts show that the depression of the lake, 
and probably that of some of the other great lakes, and 
also that of the river St. Lawrence, began to form either 
daring the closing part of the Azoic age or in the early 
part of the Silurian age. 

4. During the Paleozoic ages, rock-formations were in 
progress over large part« of the submerged portions of the 
continent up to the sea-borders, and some vast aocamula- 
tions of sand were made as drifts or dunes over the flat 
shores and reefb. These rock-formations had in general ten 
times the thickness along the Appalachian region which 
they had over the interior of the continent; and they were 
mostly fragmentfd deposits in the former region, while mostly 
limestones in the latter. Hence two important conclusions 
follow :— 

First. The Appalachian region was through much of the 
time an exposed shore-reef or flat of great extent, parallel 
in course with the present sea-border as well as that of the 
ancient Azoic; while the interior was a shallow sea opening 
southward freely into the Gulf of Mexico, and only during 
some few of the periods with the same freedom eastward 
directly into the Atlantic. Most of the western part of the 
sea (west of Missouri) appears to have been too deep for de- 
posits between the Lower Silurian and Carboniferous eras. 

Secondly. The Appalachian region was undergoing, 
through the Silnrian and Devonian ages, great changes of 
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level, and the amount of subsidence involved exceeded by- 
ten times that in the InteHor Continental region. 

5. Of ibis Appalachian region, some or all of the Green 
mountain portion was elevated above the ocean's level at 
the close of the Lower Silurian ; and at the same time the 
valley of Lake Cbamplain and Hudson Biver was formed 
or began. 

This valley and the depreBBions of the Great Lakes, and 
also those of the lakes extending in a line through British 
America northwestward irom Lake Superior to the Arctic, 
lie not far &om the borders of the Azoic continent, and, 
therefore, between the portion of the continent that was 
comparatively stable dry land irom tbe time of the Azoic 
onward, and that portion which was receiving rock-forma- 
tions and undergoing oscillations of level. To thia they 
owe their origin. 

6. Ae the Paleozoic era closed, an epoch of revolution 
occurred, in which the rocks of the Appalachian region and 
tliose of 'the Eastern border underwent — (1) great changes of 
level ; (2) extensive flexures or foldings ; (3) immense fault- 
ings in some parte ; (4) consolidation, and, in the eastern 
half especially, crystallization or metamorphism on a grand 
scale, and the loss of bitumen by the coal-bods changing 
them into anthracite. These changes affected the region 
firom Labrador to Alabama. The effects of heat and uplift 
were more decided toward the Atlantic than toward the 
interior, showing that the force producing the great results 
was exerted in a direction from the Atlantic inland, or 
from the southeast toward the northwest. The Appa- 
lachian Mountains were then made; and they were, con- 
seqnently, in existence when the Mesozoic era opened. 

These mountains are parallel to the eastern outline of the 
original Azoic continent. The outline of the New York 
Azoic peninsula is repeated in the trend of the Appalachian 
chain along through western New Bngland And Fennsyl- 
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Tania (the direction in New England being nearly north and 
uouth and in PennBylvaaiit as nearly east and west), and it 
is again repeated in the eastern and southern coasts of New 
England. 

Similar changes may have taken place on the Pacific side; 
but facts proving this have not yet been collected. 

The epoch of revolution was equally revolutionary in 
Europe. No living species are known to have sorvived from 
the Paleozoic into the Mesozoic. 

7. In the early or middle Mesozoic period (the continent 
being largely dry land, as stated in the latter part of § 2), 
long depressions in the sur&ce of the continent, made in the 
course of the Appalachian revolution and situated between 
the Appalachians and the sea-border, were brackish-water 
estuaries, or were occnpied by fresh-water marshes and 
streams; and Mesozoic sandstone, shale, and coal-beds were 
formed in them. The Connecticut valley region of Mesozoic 
rocks (p. 164) is one example. At the same time there were 
formations in progress over the Rocky Mountain region, a 
vast area from which the sea was not excluded, or only 
in part : the shores of this Mesozoic interior sea appear to 
have extended throngh Kansas near the meridian of 20" 
west of Washington (9T° west of Greenwich). 

8. In the later Mesozoic, or the Cretaceoos period, the 
continent had its Atlantic and Gulf border yet under water, 
and Cretaceous rocks were formed about them, and thus the 
continent contiuued its former course of enlargement south- 
eastward (see map, p. 196). The Western Interior sea, open- 
ing south into the Gulf of Mexico, just alluded to, still 
existed, and deposits were made in it over a very large part 
of the great region reaching irom Kansas on the east to the 
Colorado on the west. The Pacific border was also receiv- 
ing an extension like the Atlantic. 

9. In the early Cenozoic, or Tertiary period, the exten- 
sion of the Atlantic and Pacific borders was still continued. 
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With its close the progress of the continent in rock-making 
Boutheaetw&rd and Bouth west ward was very nearly com- 
pleted. 

The Western Interior sea had become greatly contracted 
after the Cretaceous period by the elevation of the Rocky 
Monntain region; and, althongh the Mexican Gulf still 
remained of more than twice its present area, it was much 
reduced in size (map, p. 217J. At the beginning of the 
Tertiary period the Ohio and MiaeiaBippi reached an arm of 
the Gulf just where they join their waters; at its close the 
Ohio bad taken a secondary place as a tributary of the 
Mississippi. The great MisBouri Biver, the real trunk of 
the Interior river-system rather than the Mississippi, began 
its exiBtence after the Cretaceous period, and reached its 
ftill size only towards the close of the Tertiary, when the 
Rocky Mountains had finally attained their full height. 

10. The elevation of the Rocky Mountains, like that of 
the AppalachianB, was the raising of the land along a region 
parallel with the outline of the original Azoic continent 
(see map, p. 73)- The elevation of the Cascade range of 
Oregon and Sierra Nevada of California was a doubting of 
this same line on the west; while the elevation of the trap 
ridges and red sandstone of the early Mesozeic along the 
Atlantic border (p. 165) was a doubling of the line on the 
east. 

11. The continent being thus far completed, as the Post- 
tertiary period waB drawing on, operations changed from 
those causing southern extension to those producing move- 
ment of ice and fresh waters over the land, especially in 
the higher latitudes; and thereby valleys, great and small, 
were excavated over the continent; earth and gravel were 
transported and made to cover deeply the rocks and spread 
the continent with fertile plains and hills; and, as the final 
result, those grand features and those qualities of surface 
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were educed that were requisite to make the Sphere & fit 
reaidence for Man. 

8. PROQBEaS or LIFE. 

From the survey of the Life of the globe which has been 

made, the following concluBions may be drawn. Future 

discovery may change acme of the details; but it is not 

probable that it will affect the general principles annonnced. 

1. Fact of progress of life. — Life commenced among plants 
in Sea-weeds; and it ended in Palme, Oaks, Elms, the Orange, 
Rose, etc. It commenced among animals in Lingula (Mol- 
luska standing on a stem like a plant) and in Crinoida and 
Trili^iteB, if not earlier in the simple systemless Protozoans 
(p. 58) ; it ended in Man. Sea-weeds were followed by 
Ferns and otlier Flowerless plants, and by Gymnosperms, 
the lowest of Flowering plants ; these finally by the higher 
Flowering species above mentioned, — the Palms and Angio- 
aperms. Radiates, Mollxtaks, and Articulates of the Silurian 
afterwards had F^hes associated with them; inter, Reptiles ; 
later, Birds and inferior Mammals; later, higher Mammals, as 
Beasts of prey and Cattle; lastly, Man. 

2. Progress from marine to terrestrial life- — The Silurian 
and Devonian were eminently the marine agee of the world. 
The plants of the Silurian are sea-weeds, and the animals all 
marine. The animals of the Devonian, also, are mainly 
marine; but there is a step taken in terrestrial life by the 
introduction of land-plants and Insects. 

In the Carboniferous age and through the Mesozoic era 
the continents, or large areas over them, underwent alter- 
nations between a submerged state and dry land, leading a 
kind of amphibian existence. The Carboniferous age had, 
besides aquatic life and Insects, its terrestrial Mollnsks and 
Centipedes, its Amphibian and other Beptiles, besides a 
great profusion of forest-trees and other terrestrial vegeta- 
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tion. In the early MeBozoic, to Reptiles were added Birds 
and Hammala, emiaently terreBtrial kinds of life. 

The Cenozoic was distinctively a continental era. Tho 
continenta became mostly dry land after its earliest epoch; 
and as the Age of Man approached, they had their full size 
and their present diversities of surface and climate. With 
the increased variety of conditions fitted for terrestrial life 
there was, beyond question, a great augmentation in the 
nnmber and variety of terrestrial species. Mammals were 
most numerous in kinds in the Post- tertiary; but Birds and 
Insects have probably their greatest numbers and variety 
of species in the present age. Marine species still abound, 
bat relatively to the terrestrial they are far less numerous 
and less extensively distributed than in the Mesozoic and 
earlier ages. 

S. Progress was connected with a constant change of life by 
exterminations and the introduction of new species. — No species 
of animal survived from the beginning of life on the globe 
to the present time, nor even through a single one of the 
several geological ages; and but few lived on from the 
beginning of any one of the ipany periods to its close, or 
from one period to another. 

There were universal exterminations, according to the 
existing state of testimony (with perhaps an exception as 
regards some species of oceanic life, p. 203), closing some of 
the ages, as the Carboniferous and the Reptilian ; there were 
exterminations, nearly as complete, closing the periods on 
each of the continents ; and others, usually lees complete, 
closing epochs ; and often some exterminations accompany- 
ing each change in tho rock-depositions that were in pro- 
gress. For, in passing from one bed to another above, some 
fossils fail that occur below; and from the strata of one 
epoch to another, still larger proportions disappear; and 
sometimes with the transitions to rocks of another period 
or age, all tbe species are different. 
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Of oil genera of animals now having living species, only 
two (and tboae Mollnscan, lAngula and Discina) commenced 
their existence in the earliest Silurian ; every other genas 
of that early time sooner or later numbered only extinct 
upecioB. 

Such unbroken lines prove the oneneas of plan or BjBtem 
through geological history, and, therefore, of purpose in the 
Creator. 

Five hundred ti)tocies of Trilobite lived in the course of 
the Paleozoic ag's: uiterward there were none. £M)0 
Bpeciee of the Aiiimonite group existed in the Kesozoic, 
— not all at onue, but, as in the case of the Trilobites, in a 
succession of genera and species : the last tben disappeared. 
There have been 460 impedes of the Nautilus tribe in exist- 
ence : now there are but 2 or 3, and these are peculiar to 
the present age. 700 species of Ganoids have been found 
fossil : the tribe is now nearly extinct. The remains of 
2500 species of plants and nearly 40,000 species of animals 
bave been found in the rocks, not one of which is now in 
existence. These are a few examples of the extinctions of 
tribes that have taken place. Bat the nnmber of kinds of 
fossils discovered cannot be the number of species that 
have existed; and the above numbers of marine species 
may safely be multiplied by three, and of terrestrial by 
twenty. 

The facts show that the life of the world underwent con- 
stant changes through exterminations and creations. 

4. Progress not always begun by the introduction first of the 
lowest species of a group. — Mosses, although inferior to Ferns, 
appear to have been of later introduction, for no remaine 
have been found in the Carboniferous or Devonian rocks, 
in which rocks there are relics of both Ferns and Gymno- 
sperms. 

The earliest of Fishes, instead of being those of lowest 
grade, were among the highest : they were Cranoida, or rep- 
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tilian Fishes (that is, a kind intermediate in some respects 
between FiBhes and Beptiles), along with others of the 
order of Selachians or Sharks, the superior diviBion of the 
class. Trilobites of the first fauna of the Silurian are not 
the lowest of Crustaceans, No fossil Snakes have been 
found below the Cenozoic, although large Bcptiles abounded 
in the Mosozoic. Oxen date from the later Tertiary, long 
after the first appearance of many higher Mammals, as 
Tigers, Dogs, Monkeys, etc. 

There was upward progress in the grand series of species, 
as stated in § 1, but there was not progress in all cases from 
the lowest species to the highest. 

5. The earliest species of a group were often those of a com- 
prehensive type. — The Ganoid fishes are an example of 
these comprehensive types. As stated on page 111, they 
were intermediate between Fishes and Reptiles; they were 
fishes comprehending in their structure some Beptilian cha- 
racters, and hence called comprehensive types. 

The Selachians are another example of a comprehensive 
type; for the sharks have some important peculiarities in' 
which they approximate to the higher Vprtebrates and even 
Uammals, as is seen in their mode of development and in 
the very small number of their young. 

Fishes commenced with these two comprehensive types, 
—the Ganoid and Selachian. 

The earliest Mammals were Marsupials, or species of 
Mammals comprehending in their structure some character- 
istics of oviparous Mammals (see p. 50), and, therefore, in 
certain respects intermediate between Mammals and Ovipa- 
rous Vertebrates. 

. The vegetation of the coal era included trees allied to the 
small Ground-pine or Lycopodia of the present day; and 
these, as well as the Lycopodia, constitute a type interme- 
diate in some points between Ferns and Pines or Conifers 
(p. 108). There were at the same time SigillarisB,— a type 
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allied cloeely to the Pine tribe, but intermediate between it 
and tlie Lycopodia and Ferns. 

In the MeBozoic the most characteristic plants were 
Cycads; and these comprehended in their strncture some- 
thing of three distinct types. They are most closely like 
Conifers in fruit; but they are like Ferns in the way the 
leaves unfold, and in some other points, and like Falms in 
their habit of growth and their foliage (p. 167). 

These comprehensive types embraced in their natores 
usually the features of some type that was to appear in the 
fViture. Thus, the Ganoid fishes of the Devonian in a sense 
foreshadowed the type of ^Reptiles, the species under which 
did not come into existence until long aiterward in the 
Carboniferous age. The Cycads in a similar manner fore- 
shadowed the Palms, a type which did not appear until the 
Cretaceous period. 

6. Harmony in the life of a period or age. — Through the 
existence of these comprehensive types, and also in other 
ways, there was always a striking degree of harmony 
"between the species making up the population — or the 
fauna and flora — of each period in the worid's history. 

Among the plants of the Carboniferous age there were — 
(1) the highest of the Cryptogams, or Ploweriess plants, the 
Ferns; (2) the lowest of Phenogama (Gymnosperms), or 
Flowering plants, species having only inconspicuous and 
imperfect flowers, and hence almost flowerless; and (3) the 
interTnediate types of Lycopodia (Lepidodendra) and Sigil- 
larice. 

Again, in the Mesozoic the terrestrial Vertebrate life 
included — (1) Reptiles, which are oviparous species; (2) 
Birds, also oviparous species ; (3) reptilian Birds, having long 
tails like the Reptiles, a comprehensive type; (4) Insect- 
ivorous (Insect-eating) Mammals ; (5) semi-oviparous Mam- 
mals, or Marsupials, an intermediate type between the true 
Inscctivores and the gviparous Reptiles and Birds, 
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This kind of harmony existed in all the ages. 

It existB Done the less now when the types have their 
widest divereity; for the less size of the brute beasts 
than in the Fost-tertiary, remarked upon on page 239, and 
the reference throughout the Flora and Fauna of the world 
to Man, are in full harmony with the spiritual being at 
the head of the existing creation, 

7. Progress always the gradual unfolding of a system — Man 
the culmination of that system. — There were higher and lower 
species created through all the agee, but the successive 
populations were still, in their general range, of higher and 
higher grade ; and thus the progress was ever apward. The 
type or plan of vegetation, and the four grand types or 
plans of animal life (the Eadiate, Molluscan, Articulate, 
and Vertehrato), ordained in the act of creation, were each 
displayed under -multitudes of tribes and species, rising in 
rank with the progress of time, and al) under relations so 
harmonions and so systematic in their successions that they 
seem like the expression — in material living forms — of one 
divine idea. 

With every new fauna and flora in the passing periods, 
there was a fuller and higher exhibition of the kingdoms 
of life. Had progress ceased with the Post-tertiary, when 
the world was given up to brute passion and ferocity, the 
system might have been pronounced the aeheme of an evil 
demon. But, as time moved on, Man came forth, — not in 
strength of body, but in the majesty of his spirit; and then 
living nature was full of beneficence, The system of life, 
about to disappear as a thing of the past, had its final pur- 
pose fulfilled in the creation of a Dpiritual being, — one hav- 
ing powers to search into the depths of nature and use the 
wealth of the world for his physical, intellectual, and moral 
advancement, that he might thereby prepare, under divine 
aid, for the new life in the coming future. 

Thus, throngh the creation of Man completing the system 
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of life, all parts of that syetem became mntually consiBtent 
and full of meaQing, and Time was made to exhibit its true 
relation to Eternity. 

Methods of exterminations of species and extinctions of tribes. 
— (1.) Some species of plants and animals require dry land 
for their support and growth j some, freah-water marshes or 
lakes; some, brackish water; some, seashore or shallow 
marine waters; some, deeper ocean- waters. 

Hence, (a) movements in the earth's emst submerging 
large continental areas, or raising them ttom the condition 
of a sea-bottom to dry land, would exterminate life: — sink- 
ing them in the ocean, extinguishing terrestrial life, raising 
them from the ocean, extinguishiDg marine life. In early 
times, when the continental surface was in general nearly 
flat, a change of level of a few hundred feet, or perhaps of 
even 100, would have been sufficient for 'a wide extermi- 
nation. If a modern coral island were to be raised ISOfeet, 
its reef-forming corals would all be killed; or if sunk in the 
ocean 150 feet, the same result would follow, — because the 
species do not grow below a depth of 100 feet. And if all 
the coral-reeft of the Pacific were simultaneously sunk or 
raised to the extent stated, there would be a total extinction 
of a large number of species. 

(£) Along a seacoast the bays and inlets sometimes 
are closed by barriers thrown up by the sea, and hence 
become fresh, killing all marine life. Again, barriers are 
often washed away by the sea, and then salt water enters, 
destroying fresh-water life. 

(2.) Species are also made for a limited range of tempera- 
tures: some, for the equatorial regions only; some, for the 
cooler part of the tropical zone; some, for the warmer 
temperate latitudes; some, for the middle temperate; 
some, for the colder temperate; some, for the fVigid zone; 
and few species live through two such zones. 
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Hence, (a) as the earth has gradually cooled in its 
climatee from a time of UDlversal tropics to that of the 
present condition, those tribes or families made for the 
earlier condition of the globe afterward became of necessity 
extinct. This may be a reason why many of the tribes of 
the ancient world disappeared, and why the Beptilian type 
culminated in the Mesozoic; these species were made espe- 
cially for the warm condition which then prevailed. 

Again, (b) any temporary change of climate over the 
globe — from cold to warm or warm to cold — would have 
exterminated species. An increase in the extent and height 
of Arctic lands would have increased the cold, as shown by 
Lyell, and thereby sent cold winds south over the conti- 
nents and cold oceanic currents south along the border of 
the oceans. 

On the contrary, a diminution in the extent of Arctic 
lands, making the higher regions open seas, or an increase 
in the extent of tropical lands for the sun to beat, would 
have increased the heat of the globe and sent a warm 
climate fer north. 

Such changes are destructive to living species. It is sug- 
gested on p. 204 that the destruction of life at the close of 
the Mesozoic may have arisen from the cause here explained. 

(3.) The heat which has escaped fi-om the earth's interior 
through the crust, in connection with igneous eruptions, or 
seasons of metamorphic changes when the earth's rocks 
were eryBtallizing on a vast scale, would have caused a 
destruction of all marine life in the vicinity; and where 
metamorphic action baa taken place through an area a thou- 
sand miles or more in length, as in the progress of the 
Appalachian revolution (p. 155), the devastation must have 
extended over a large part of the continental area. 

Origination of species. — G-eology aifords no support to the 
hypothesis that species have been made from pre-existing 
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species, and suggests no theory of development by Datnnil 
causes. In other words, it has no facts sustaining the notion 
that Man was made through the gradual progress or im- 
provement of Bome one of the Apes, or by any method of 
development out of an Ape, or that Elephants were so made 
from Maslodons, or the reverse, or from any other species, 
or one species of Monkey, Cat, Sorse, etc., from another ; and 
much less does it favor the hypothesis that the whole sys- 
tem of animal life ie nothing but a growth from one, two, 
or more original species, one changing into, or evolving, 
another, through a method of development, aa supposed in 
a development-hypothesis. The facts the science has thus 
far collected prove that a system of life has been gradually 
brought out in the course of the ages. But it gives no 
information, in the author's opinion, as to the manner in 
which the Diviiie will called into existence the saccessive 
tribes or species. 

The science in its present state aflfords the following evi- 
dence bearing on this subject : — 

1. Species do not shade into one another as if they bad 
originated by transitions from one another. For example, 
the Post-tertiary Mastodon and Elephant of North America 
do not pass into one another or into other earlier species; 
or the Apes into the species Man ; or any MoUusks or Articu- 

.lates, through a series of stages, into Fishes; or any Sea- 
weeds into Eerns or the earliest land-plants, etc. The spe- 
cies of plants and animals at the present day as well as 
those of the past, with comparatively few exceptions, have 
their limits well defined, and do not blend with one another 
by insensible gradations. 

2. Groups commence sometimes in their higher species. 
Thus, Fishes — the earliest of Vertebrates — began with the 
Ganoids and Sharks, with no evidence of a progress upward 
from lower species. The first of Land-plants are the Ferns, 
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Lepidodendra, etc. ; and no epeciea of the inferior gronp of 
Mosses have been found marking a line of progreBs upward 
to tha Lepidodendra. Many other such cases might be men- 
tioned. 

3. The earth's progress has involved the occurrence at 
intervals of revolutions or devastations. 8ome of these 
devastations appear to bave been nearly or qaite universal 
over the globe, while others have been confined to single 
continents, or limited areas, and bave been only partial (see 
p. 162). But, whether universal or not, they have often cut 
off short not only species, but genera , families, and tribes; and 
yet the same genera, families, and tribes have had new 
species afterwards. Life has been re-introduced where it 
had been exterminated, as if the system were not at the 
mercy of temporary catastrophes, but owed its restoration 
and continued progress to a power that was independent of 
all causes of desolation and could even use desolation as a 
means of progress. 

The advocates of a development-hypothesis do not deny 
the above evidence; but they argue that the records are 
very imperfect, Aill of long breaks; and, again, that only a 
small part of the world has been searched for ita truths, and 
that part not thoronghly. 

But a hypothesis unsustained by facts just where it wonld 
be most natural to look for them, and resting for its geolo- 
gical basis on possible discoveries in the future, may well be 
left to pass as a mere suggestion until the discoveries have 
been made. This is the dictate of true Science. 

Geology has no theory of creation to present; and its 
discoveries are already so extensive, and so corroborative of 
the general rcsnlts arrived at, from whatever continent they 
bave been gathered, that its present silence is in weighty 
opposition to such views. The science testifies to the fact 
that plaata and animals bave come into existence in a long 
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succession of species. It demonstrutes the oneness in pl&n 
and purpose of all natare, and thereby the oneness of its 
Author, It points to boundless wisdom in every step of 
progresB, and with increasing distinctness as the era ap- 
proaches when Man should appear and receive the Divine 
command, " Subdae and have dominion." But it directs 
to no cause of the origin of species but the Cause of causes, 
— the infinite God. 

In the account of creation given in the first chapter of 
Genesis, it is stated that on the^A day the waters brought 
forth abundantly the moving creature that hath life, the 
flying creatures of the air, and the great whales (a word 
meaning as truly reptiles). In the commencing Silurian 
the first appearance of the swarming life of the waters took 
place (p. 93). In the Devonian, Fishes and Insects were 
added ; in the Carboniferous, Beptile life began ; and in the 
Mesozoie, Birds as well as Eeptilea existed, and the latter 
became the dominant life of the globe. At the same time, 
small semi-oviparous Mammals, or Marsupials, with probably 
some Insectivores, appeared aa precursors of the age that 
was next to follow. With the close of the Mesozoie the 
Eeptile world ended; and so ended also the fifth day of the 
Mosaic record. 

On the sixth day there were two great works, — first, the 
creation of Mammals, and, as a second, the creation of Man. 

With the opening Cenozoic, Mammals came forth in 
great numbers and of large size ; and as the era advanced, 
they increased in variety until the type reached an expan- 
sion as to magnitude of individuals and numbers of kinds 
even exceeding the exhibition of it in the present age. 
Thus passed the first portion of the sixth day. Finally 
Man appeared as the last great work. 

Creation finished, the day of rest followed, — the era of 
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the finished world, the era also of Man's progress and pre- 
paration for another and a higher life. And an the "six 
days" work of creation is succeeded by a seventh of rest, 
so, it has been well said, the Sabbath closes man's week, as 
a day of rest and of preparation for that spiritual life. 
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PART IV. 
DYNAMICAL GEOLOGY. 



Dtnahioal Geoloot treats of the causes or origin of 
evente in Geological history, — that is, of the origin of rocks, 
— of disturbances of the earth's strata, and their effects, 
— of valleys, — of mountainB, — of oontinetite, — and of the 
changes in the earth's features, climates, and living species. 

The agencies of most importance, next to the universal 
power of Gravitation, are Life, the Atjnosphere, Water, Seat, 
and Cohesive and Ohemicat attraction. 

The following are the subdivisions of the subject here 
adopted:— 1. Life; 2. The Atmosphere ; S.Water; 4. Heat 
— the mechanical eflecte of the Atmosphere, Water, and 
Heat being considered under these heads; 5. Movements in 
the earth's crust, and their consequences, including the fold- 
ing and uplifting of strata, the production of earthquakes, 
and the origin of mountains and of the earth's general 
features. Chemical Geology, which treats of the chemical 
operations coDnected with the origin of rocks, constitutes 
another division of the subject, but is not here taken up. 

I. LIFE. 

Life has done much geological work by contributing mate- 
rial for the making of rocks. Nearly all the limestones of 
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the globe, all the oo&l, &Qd some ailiceons beds, besides pot^ 
tions of rocks of other kinds, have been formed out of the 
BtOQj relice of living Bpecies. 

Through simple growth and the power of secretion, Ver- 
tebratfB form a bony slieleton ; MoUuaka make shells, which 
are calcareous, or nearly of the composition of common 
limestone; Polyps make Corals, also calcareous; Crinoids 
make stems and flower-like skeletons that are calcareous; 
and the Polyps and Crinoids, although as really animal as 
any quadruped, are yet so low in organization that nine< 
tenths of the bulk of the animal are often stony (calca- 
reons), and still the functions of life are perfectly carried on. 

There are various kinds, also, of microscopic species 
-which contiibute to the material of rocks. The RMzopods 
among animals (p. 59) make calcareous shells, each con- 
taining one or many minute cells; the Diatoms among 
microscopic plants (p. 61) make siliceous shells; the Poly- 
cystinee among microscopic animals make siliceoua shells. 

Plants also make beds of coal and peat out of accumula. 
tions of leaves and stems, as already in part explained on 
page 136. 

In Airther illustration of this sabject, three examples of 
rock-making may be desorihed: — 1. Peat-formations; 2. 
Beds of microscopic organisms ; 3. Coral-reef^. 



1. Peat-Aumatlons. 

Peat is an accumulation of half-decomposed vegetable 
matter formed in wet or swampy places. In temperate 
climates it is due mainly to the growth of mosses of the 
genus Sphagnum. Theee mosses form a loose turf; and, as 
they have the property of dying at the extremities of the 
roots while increasing above, they may gradually form a bed 
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of great thickness. The roots and leaves of other plants, 
or their branches and stomps, and any other vegetation 
present, may contribnte to the accnmulating bed. The car- 
casses and excrements of dead animals at times become 
included. Dust may also be blown over the marsh by the 
winds. 

In wet parts of Alpine regions there are various flowering 
plants which grow in the form of a close tarf, and give rise 
to beds of peat like the moss. In Fuegia, although not 
south of the parallel of 56°, there are large marshes of such 
Alpine plants, the mean temperature being about 40" F. 

The dead and wet vegetable mass slowly undergoes a 
change, becoming an imperfect coal, of a brownish-black 
color, loose in texture, and often friable, although com- 
monly penetrated with rootlets. In the change the woody 
fibre loses a part of its gases; but, unlike coal, it still con- 
tains usually 25 to 83 per cent, of oxygen. OocasionaUy it 
is nearly a true coal. 

Peat^beds cover large surfaces of some countries, and 
occasionally have a thickness of forty feet. One-tenth of 
Ireland is covered by them ; and one of the " mosses" of the 
Shannon is stated to be fifty miles long and two or three 
broad. A marsh near the mouth of the Loire is described 
.by Blavier as more than fifty leagues in circumferenoe. 
Over many parts of New England and other portions of 
North America there are extensive beds. The amount in 
Massachusetts alone has been estimated to exceed 120,000,000 
of cords. Many of the marches were originally ponds or 
shallow lakes, and gradually became swamps as the water, 
from some cause, diminished in depth. The peat is often 
underlaid by a bed of whitish shell marl, consisting of fresh- 
water shells — mostly species of Cyctaa and Planorbia — 
which were living iu the lake. There are often also beds 
of the siliceous shields of Diatoms. 

Peat is used for fuel and also as a fertiliEer, When pre- 
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pared for burning, it is cut into large blocks and dried in 
tlie Buu. It is sometimes pressed in order to serve as fuel 
for Bteara-engines. Muck is another name of peat, and is 
used especially when the material is employed as a manure; 
but it includes also impure varieties not fit for burning, 
being applied to any black swamp-earth consisting largely 
of decomposed vegetable matter. , 

Peat-beds sometimes contain standing trees, and entire 
skeletons of animals that had sunk in the swamp. The 
peat-watera have often an antiseptic power, and fieah is 
sometimes changed by the burial into adipocere. 



2. Beds of Uicroicopic Organisnu. 

Microscopic life abounds in almost al! waters, especially 
over moddy bottoms, — as in lakes, rivers, marshes, salt- 
water swamps, harbors, bays, the shallow borders of the 
ocean, and also the deep ocean. Fart of the species make 
DO stony secretions, but much the larger part form calca- 
reous or siliceous shells. Although these shells are, with 
few exceptions, exceedingly minute, the most part wholly 
invisible unless highly magnified, they are in so vast num- 
bers in many places, and multiply so rapidly, that they form 
in time thick beds out of their accnmulated shells. A square 
yard covered with these microscopic species will increase 
upward not only as fast as a square yard of an oyster-bank, 
but much more rapidly, because of their extreme simplicity 
of structure, their rapid reproduction, and the fact that 
nearly the whole bulk of each one is in stony material. 

The calcareous species, or Mhizopods, abound in the shal- 
lower waters along the borders of the ocean, and also over its 
bottom where thousands of feet deep. Over what is called 
the Telegraphic plateau, hetvreenlrel&ad and Newfoundland. 
they appear to make a nearly continoons bed for a thousand 
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miles or more in breadth, and perhaps more than this froni 
north to south. The thickness of the great limestone- 
formation there in progress, out of these minute shells, is 
of coarse unknown. The genera of shallow water are 
mostly different from those of the deep sea. 

The eiliceovs species are either Diatoms or Polycystines. 
They occur both in shallow and deep waters, like the Khizo- 
pods. The Diatoms are found in cold as well as warm seas, 
and in fresh waters as well as marine. Over the bottoms of 
shallow lakes they make thick beds, just as the Bhizopods 
do in the ocean ; and many of the peat-beds rest on a thick 
layer of Diatoms made fVom species that were living in the 
lake that afterwards became the peat-growing swamp. 

The rock made of Ehizopod shells is exemplified in chalk, 
— a soft white or whitish limestone. That consisting of 
Diatoms often looks like a very fine whitish earth; but it is 
sometimes compacted into a nearly solid mass, and some- 
times into an imperfect slate. 

On p. 192 it is stated that the flint which occurs in chalk 
may have been made from the silica of Diatoms and of the 
spicula of sponges. 

These are examples of beds formed by simple growth and 
mnltipli cation of living species. The shells are in size like 
the grains of a fine powder; and it is only necessary that 
they be consolidated as they lie, in order that a compact 
rock shall be made out of the accnmulation. 

3. Coral-Beeft. 
In tropical regions corals grow in vast plantations about 
most oceanic islands and the shores of the continents. 
The greatest depth at which the reef-making species live 
is about 100 feet; and from this depth to sometimes a foot 
above low-tide level, they flourish well. The patches or 
groves of coral are usually distributed among larger areas 
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of coral sand, like email groves of trees or shrabbery in 
some Bandy plains. 

The corals liave much resemblance to vegetation in their 
forms and their modes of growth ; and the animals are 
so like flowers in shape and bright colors that they are 
called fioicer-anmats (p. 57). Along with tbe corals there 
are also great numbers of Shells, besides Crabs, Echini, and 
other kinds of marine life. 

The coral plantations are swept by the waves, and with 
great force when the aeaa are driven by storms. The corals 
are thus frequently broken, and the fragments washed abont 
until they are either worn to sand by the friction of piece 
upon piece, or become buried in the holes among the growing 
corals, or are washed up the beach. Corals are not injured 
by mere breaking, any more than is vegetation by the clip- 
ping of a branch, and those that are not torn up from the 
very base and reduced to fragments continue to grow. 

The fragments and sand made by the waves, and by the 
same means strewed over the bottom along with the shells 
also of Mollusks, commence tbe formation of a bed of coral- 
rock, — literally a bed of limestone, for the eoral and shells 
have the composition of limestone. As the corals continue 
growing over this bed, fragments and sand are constantly 
forming, and tbe bed of limestone thus increases in thick- 
ness. In this manner it goes on increasing until it reaches 
the level of low tide; beyond this it rises but little, because 
corals cannot grow wholly out of water, and the waves have 
too great force at this level to allow of their holding their 
places, if they were able to stand the hot and drying sun. 
The bed of calcareons rock thus produced is a coral-reef. 

Since reef-corals grow to a depth of only 100 feet, the 
thickness of the reef cannot much exceed 100 feet if the 
sea-bottom remains at a constant level, except where there 
are oceanic currents to transport to greater depths the sand 
that is made. But should the reef-region be slowly sink- 
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ing at a rate BOt faster than the corals can grow and make 
the reef riee, then almost any thickness may be made. From 
observations about the coral regions of the Pacific, it is sup- 
posed that some of the ree& have a thickness of two or 
three thousand feet or more, which has been acquired during 
such a slow subsidence. 

The coral formations of the Pacific are sometimes broad 
reeth around billy or mountainous islands, as shown in the 
annexed sketch. To the left in the sketch there ie an inner 

Fig. seo. 



reef and an outer reef, separated by a channel of water, the 
inner of which (/) is called a fringing reef, and the outer 
(6) a barrier reef. They are united in one beneath the 
water. At intervals there are usually openings through the 
barrier reef, as at k, k, which are entrances to harbors. The 
channels are sometimes deep enough for ships to pass from 
harbor to harbor. 

Hany other coral-reefs stand alone in the ocean, far troai 

any other lands. The latter are called coral islands, or atolls. 

Fig. 361. 



They usually consist of a narrow reef encircling a salt- 
water lake. The lake is but a patch of ocean enclosed by 
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the reef and its groves of palms and other tropical plaDtB. 

When there are deep openings through the reef, ships 

may enter the lake, or lagoon, as it is nsoally called, and 

find excellent anchorage. The annexed 

figure (fig. 363) k a map of one of the atolls 

of the Kingsmill Islands in the Pacific. The 

reef on one side — the windward — is wooded 

throughout; but on the Other it has only a 

few wooded islete, the rest heing bare and 

partly washed by the tides. At e there is 

an opening to the lagoon. 

The Paumotu archipelago, just northeast Ap*fc « t" Kinwmm 
of the Society Islands, contains between 70 
and 80 coral islands ; the Carolines, with the Badack, Balick, 
and Kingsmill groups on their eastern border, as many 
more ; and others are scattered over the intervening ocean. 
Host of the high islands between the parallels of 28° north 
and south of the equator, and also the borders of the con- 
tinents, have their fringe of coral-reefs, unless (1) the waters 
adjoining the coasts are too deep, or (2) the bottom is too 
mnddy, or (3) the mouths of rivers are in the vicinity to 
pour in fresh waters, which are injurious to corals, or (4) 
cold oceanic currents sweep the coasts. Corals are limited 
by the parallel of 28°, because they will not flourish where 
the mean temperature of the coldest winter month is below 
68° P. 

The limestone beds made from corals and shells are not 
a result of growth alone, as in the case of the deposits 
formed from microscopic organisms, but of growth in con- 
nection with the breaking and wearing action of the ocean's waves 
and currents. Corals and shells, unaided, could make only an 
open mass flill of large holes, and not a solid rock. There 
must be sand or fine fragments at hand, such as the waters 
can and do constantly make in such regions, in order to fill 
1^ the spaces or interstices between the corals or shells. If 
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there ia clayey or ordinary siliceoua sand at hand, this will 
suffice, but it will not make a pure limestone; in order to 
have the rock a proper limestone, the shells and corals must 
be the source of the sand or fine fragments, for these alono 
yield the needed calcareous material and cement. The 
limestone made in this way by the help of the waves 
may be, and often is, as fine-grained as a piece of flint or 
any ordinary limestone. In other cases it contains some 
imbedded fragments in the solid bed ; in others it is a coral 
conglomerate; and over still other large areas it is a mass of 
standing corals with the interstices filled in solid with the. 
sand and fragments. In some regions the compact coral 
limestone is an oolite (p. 25). 

The pages on the results of microscopic life have explained 
one method by which the ancient limestones of the globe 
have been made. The process of limestone-making now 
going on through the agency of coral animals illustrates 
another method, and far the most common. The beds, in 
the case of those limestones, are a result of the slow growth 
of living corals, crinoids, shells, and the like, and the gradual 
wearing of the calcareous remains more or less completely 
to sand and pebbles, preparatory for consolidation. 

The extent of some of the modern reefs matches nearly that 
of some of the Paleozoic reefs. On the north of the Feejee 
Islands the reef-grounds are 5 to 15 miles in width. In New 
Caledonia they extend 150 miles north of the island and 60 
miles south, making a total length of 400 miles. Along 
northeastern Australia they stretch on, although with many 
interruptions, for 1000 miles. The modern reef-grounds, 
although otten of great length, are, however, narrow, tinlikei 
those of the early geological ages. But this diflerence arises 
from the fact that the regions giving the requisite depth for 
abundant Coral and Mollascan life are now of narrow limits, 
being confined to the borders of the continents, whereas in 
ancient time the continents were to a large extent sab; 
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merged at shallow depths aod afforded the conditions reqni- 
Bite for iimneDBe Coral, CriQoidal, and MoUuscan planta- 
tioDB. 

II. THE ATMOSPHERE. 

The following are some of the mechanical effects con- 
nected with the movements of the atmosphere. 

1. Destructive effects from the transportation of sand, dust, etc. 
— The streets of moat cities, as well as the roads of the' 
coantry, in a dry summer day, afford examples of the drift 
of dast by the winds. The dnst is borne most abundantly 
in the direction of the prevalent winds, and may in the 
course of time make deep beds. The dust that finds its way 
through the windows into a neglected room indicates what 
may be done in the progress of centuries where circum- 
stances are more favorable. 

The moving sands of a desert or seacoast are the more 
important examples of this kind of action. 

On seashores, where there is a sea-beach, the loose sands 
composing it are driven inland by the winds into parallel 
ridges higher than the beach, forming drift-sand hilts. They 
are grouped somewhat irregularly, owing to the course of 
the wind among them, and also to little inequalities of com- 
pactness or to protection from vegetation. They form 
especially (1) where the sand is almost purely siliceous, 
and therefore not at all adhesive even when wet, and not 
good for giving root to grasses ; and (2) on windward coast?. 
They are common on the windward side, and especially the 
projecting points, even of a coral island, but never occur on 
the leeward side, unless this side is the windward during 
some portion of the year. On the north side of Oahu they 
are thirty feet high and made of coral sand. . Some of tbem, 
which stand still higher (owing to an elevation of the 
island), have been solidified, and they show, where cut 
through, that they consist of thin layers lapping over one 
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anotbcr; and thoy evince also, by the abrupt changes of 
direction in the layers (see fig. 17 /), that the growing hill 
was oftoD cut partly down or through by BtorniH, and again 
and again completed itself after 8uch disasters. 

This style of lamination and irregularity ie characteristic 
of the drift-sand hills of all coasts. On the southern shore 
of Long Island there are series of sand-hills of the kind 
described, estending along for one hundred miles, and five 
to thirty feet high. They are partially anchored by strag- 
gling tufts of grass. The coast of New Jersey down to the 
Chesapeake is similarly fronted by sand-hills. In Norfolk, 
England, between Hnnstanton and Weyboume, the sand- 
hills are fifty to sixty feet high. 

2. Additions to land by means of drift-sands. — The drift-sand 
hills are a means of recovering lands fVom the sea. The 
appearance of a bank at the water's surface off an estuary at 
the mouth of a stream is followed by the formation of a 
beach, and then the raising of hills of sand by the winds, 
which enlarge till they sometimes close up the estuary, 
exclude the tides, and thus aid in the recovery of the land 
by the depositions of river-detritus. Lyell observes that 
at Yarmouth, England, thousands of acres of cultivated 
land have thus been gained from a former estuary. In al) 
euch results the action of the waves in first forming the 
beach is a very important part of the whole. 

3. JDestntctive effects of drift-sands — Dunes. — Dunes are 
regions of loose drift-sand near the sea. In Norfolk, Eng- 
land, between Hnnstanton and-Weybourne, the drift-sanda 
have travelled inland with great destructive effects, burying 
farms and houses. They reach, however, but a few miles 
from the coast-lino, and were it not that the sea-shore itself 
is being undermined by the waves, and is thus moving 
landward, the effects wonld soon reach their limit. 

In the desert latitudes, drift-sands are more extended in 
their effects. 
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4. Sandscra^kes. — The sandB carried by tho winds, when 
paHBiQg over rocks, sometimes wear them smooth, or cover 
tho surface with scratches and furrows, as observed by Wm. 
P. Blake over granite rocks at tlie Pass of Sao Bemardiao 
in California. Even quartz was polished, and garnets were 
left projecting upon pedicels of feldspar. Limestone was 
so maoh worn as to look as if the surface had been removed 
by solution. Glass in the windows of houses on Cape Cod 
aometimea has holes worn through it by the same means. 

III. WATER. 
The subject of Water is here eonsidorod under the follow- 
ing heads : — 

1. Fresh Waters ; including especially Eircra and the 
smaller Lakes, and also subterranean as well as superficial 
waters. 

2. The Ocean ; including, along with the ocean, the larger 
Lakes, whether salt or fresh. 

3. Frozen Waters, or Glaciers and Icebergs. 

1. FRESH WATERS. 
A. SDPEEFICIAL WATERS. OR RIVERS. 
The mechanical effects of fresh waters are — 

1. Erosion, or wear. 

2. Transportation of earth, gravel, atones, etc. 

3. Distribution of the transported material, and formation 
of fragmental deposits. 

1. ErosioiL 
The waters of rivers descend in the form of rain and 
snow from the clouds, and are derived by evaporation both 
fi-om the surface of the land, with its lakes, rivers, and 
foliage, and from the ocean, but mostly from the latter. The 
waters rise into the upper regions of tho atmosphere, and, 
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becoming condensed into drops or snow-flskes, fall over the 
hillB and plains. They gather first into rills; these, as they 
descend, unite into rivulets; these, again, if the region is 
elevated or moantainoas, into torrents; torrents, flowing 
down the different mountain valleys, combine with other 
torrents to form rivers; and rivers fi-om one mountain- 
chain sometimes join the rivers from another and make a 
common stream of great magnitude, like the Mississippi or 
the Amazon. 

The Mississippi has its tributaries among all the central 
heights of the Great Rocky Mountain chain, throughout a 
distance of 1000 miles, or between the parallels of 85° N. 
and 50° N.; and still another set of tributaries gather in 
waters from the Appalachian chain, between western New 
York and Alabama. Kills, rivulets, ton-iiuts, and rivers 
combine over an area of millions of square miles to make 
the great central trunk uf the North American continent. 

The amount of water poured each year into the ocean by 
the Mississippi averiii-es 19i trillions (19,500,000,000,000) 
cubic feet, varying fi-om 11 trillions in dry years to 27 
trillions in wet years. This amount is about one-quarter of 
that furnished by the rains, the rest being lost mostly by 
direct evaporation, but also in part by absorption into the 
soil and by contributing to the growth of vegetation. 

Erosion, or wear, goes on wherever the waters have 
motion. The rain-drop makes an impression (fig. 21) 
where it falls; the rill and rivulet carry off light sand and 
deepen their bed, as may be seen on any sand-bank or by 
many a roadside; torrents work with far greater power, 
tearing up rocks and trees as they plnnge along, and, in the 
course of time, making deep gorges or valleys in the moun- 
tain-slopes ; and rivers, especially in periods of flood, hnrry 
on with vast power, making wider valleys over the breadth 
of a continent. 

The slopes of a lofty mountain, exposed through ages to 
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the action described, finally become redaced to a series of 
valleys and ridges, and the summit often to towering peaks 
and crested heights, — all these effects originating in the fall 
of rain-drops or snow-flakes. 

The tendency of many rocks to decompose, aids the 
waters in producing their mechanical effects. 

Where the stream has a rapid descent, and is therefore a 
torrent, it plunges on with great violence and erodes mainly 
along its bottom. Lower down the mountain, where the 
slope of its bed is gentle, it becomes more quiet, and exca- 
vates but slightly, if at all, at bottom. In its floods, how- 
ever, it spreads beyond its banks and tears away the earth 
or rocks, encroaching on the hills either side, and making 
for Itaelf a broad flat, or flood-flain. As the floods cease, 
the stream becomes again confined to its channel. Every 
river has thus Its channel for the dry season, and its fiood- 
plain which it covers in times of overflowing. 

The great rivers of the continents, aa well as the stream- 
lets along roadsides, illustrate this subject. Wherever, in 
countries that have rain, there is a ridge, be it small or 
large, there are gullies, or gorges, or valleys; and if any of 
its streams are followed up to their head, there will be 
found, first, the channel and its bordering flood-plain ; then 
the narrower valley with the hurrying torrent, receiving 
smaller torrents along its course; then, towards the top, the 
torrent dwindling to a rivulet, or, if the summit is nearly 
flat and wooded, there may be at top wet swampy land or 
lakes. 

A cascade usually occurs on a rapid stream, where in the 
course of it there is a hard bed of rock overlying a soft one. 
The hard bed resists wear, while the soft one below yields 
easily: thus a plunge begins, which increases in force as it 
increases in extent. The rills and rivulets made by a shower 
of rain along roadsides or eaud-banks often illustrate also 
this feature of the groat mountain streams. 
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When the rocka andcrljing a region are nearly horizon- 
tal, the valleys cut by the rivera have usually bold rocky sides. 
In many parte of thb Bocky Mountains the Btreams have 
worked their way down through the rocks for hundreds, 
and at times even thousands, of feet. Sneh a place is often 
called a cafion (pronounced as if spelled canyon). 

These caflons are of wonderful magnitude and depth on 
the Colorado River, over the west slope of the Kocby 
Mountains, between longitude 111" W. and 115° W, For 

Fig.3S3. 
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300 iiiiluH there is a Gontinnona caSon, 3000 to 6000 feet 
deep. The annexed sketch, furnished the author by Dr. 
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Newberry (the Geologist of the Expedition, under Lieuten- 
ant J. C. iTea, that Burreyed this region and firat made 
known the facts), represents the great plain of the Colorado 
region, with its deep vertical cuts opening down to running 
water. This water is the Colorado Biver, and the opening 
that looks BO much like a mere crack in the rocks has a 
depth at the place of about 3000 feet. The deep gorge is 
the result, as stated by Dr. Newberry, of erosion by the 
stream, which is still continuing its wearing action. The 
isolated fiat-topped hills and turreted rocks in the distance 
are portions of strata that once covered the other rocks, 
being all of the upper formations that the eroding waters 
have left. 

The roeky gorge, 7 miles long and 200 to 250 feet deep, 
in which the Niagara Eiver Sows in violent rapids after its 
plunge at the great fall, is believed with reason to have been 
made by the waters, and mainly through the action of the 
plunging stream at the fall. Every year rocks are under- 
mined and tumbled down into the depths below, and thus 
the position of the fall is slowly changing, moving higher 
and higher up stream with the successive years. The rock, 
fbr half the height of the fall, or 80 feet, is of hard lime- 
stone ; but the lower half is of soft shale, and, being easily 
worn away by the waters, it undermines the limestone and 
thus assists in the movement. 

8. Transportation by rirers, and distribntiaB of transported 
material 

1. Fact of transportation. — It has been stated that the 
massive mountains have been eroded into valleys and ridges 
by running water. The material worn out has been trans- 
ported somewhere by the same waters. 

Part of the transported material in all such operations 
goes to form the great alluvial plains that occupy the river- 
valloys throughout their course. Part ia carried on to the 
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sea into which the river empties, when it meets the counter- 
acting waves and currents and is distributed for the most 
part along the shores, filling estuaries or baye, or making 
deltas, and extending the bounds of the land. 

Thus the mountains of a continent are ever on the move 
seaward, and contribute to the enlargement of the seashore 
plains. The continent is losing annually in mean height, 
but gaining in width or extent of dry land. 

2. The transporting power of water. — The transporting 
power of running water is very great when the flow ie 
rapid. Doubling the rate of flow increases sixty-four times 
the force of the water. Large stones and masses of rocks 
are torn up and moved onward by the mountain-torrent ; 
pebbles, when the current runs but a few^ miles per hour; 
and at slower rates, gravel, sand, or, when very slow, only 
fine clay. Hence, as a stream loses in rapidity of movement, 
it leaves behind the coarser material, and carries only the 
finer ; if the rate becomes very slow, it drops the gravel or 
the sand, and bears on only the finest earth or clay. 

Consequently, where the current is swift, the bottom (and 
the shores also wherever the current strikes them) is stony 
or pebbly; and where the water is still, or nearly so, the 
bottom and shores arc muddy. 

The larger part of the transportation by rivers is done in 
their seasons of flood. Then it is that streams are muddy 
with the earth they are bearing along. 

8. Wearing action on the transported material. — The stones 
are not only transported by the waters, but by the mutual 
friction thus produced they are made into rounded stones 
and reduced to pebbles and earth. Nearly all the rounded 
stones, gravel, and earth of fields and gardens over the 
globe, and also the material of all geological formations, has 
been made out of pre-existing solid rocks by the wearing 
action of waters, — either those of streams over the land, or 
those of the ocean. 
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The finer transported material is called detritus (fWim the 
Latin for worn out), and also silt. The rounded stones are 

termed bovlders. 

4. Amount of material transported. — The amount of tran- 
sported material varies with the size and current of the 
rivers and the kind of country they flow through. The 
Mississippi carries to the Gulf of Mexico, according to Hum- 
phreys & Abbot, annually, on an average, 812,500,000,000 
pounds of silt, — equal to a mass one square mile in area and 
241 feet deep, — and its bottom-waters push on enough more 
to make the 241 feet 268 feet. The total annual discharge 
of silt by the Ganges has been estimated at 6.368,000,000 
cubic feet. 

5. Alluvial formations. — The deposits made by the tran- 
sported materia! which now constitute the alluvial plains of 
the river-valleys cover a very large part of a continent, 
since rivers or smaller streams are almost everywhere at 
work. They are made up of layers of pebbles or gravel, 
and of earth, silt, or clay, especially of these finer mate- 
rials. Some logs, leaves, and bones occur in them ; but these 
are rare ; for whatever floats down stream is widely scat- 
tered by the waters, and to a great extent destroyed by 
wear and decay. 

6. Estuary and delta formations. — The detritus-material 
discharged by the river at its mouth tends to fill up the bay 
into which it empties, and make wide flats on its borders, and 
thns contract it to the breadth merely of the river-current. 

Where the tides are feeble and the river large, the deposits 
about the mouth of the stream gradually encroach on the 
ocean, and make great plains and marshy flats, which are 
intersected by the many mouths of the river and a network 
of cross-channel B. Such a formation is called a delta. 
Figure 364 represents the ddta of the Mississippi, the white 
lines being the water-channels, and the black the great allu- 
vial plains. The delta properly commences below the mouth 



.vGooyk" 



. OEOLOOr. 



of Red River, wUere the Atcliafalaya bayou, or Bide^haDQel 
of the river, begins. The whole area is about 12,300 square 



miles; about one-third is a sea-marBh, only two-thirds lying 
above the level of the Gulf. 

The deltas of the Nile, Ganges, and Amazon are similar 
ill general features to that of the Kississippt. 
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The detritus poured into the ocean where tlie tidcH or 
emreots are strong, and a considerable part of that where 
the tides are feeble, goes to form seashore flats and sand- 
banks and off-shore deposits. In their formation the ocean 
takes part through its waves and euiTents; and hence they 
are more conveniently described in connection with the 
remarks on oceanic action. 

B. SUBTERRANEAN WATERS. 
1. Origin and course of subterranean waters. — A part of the 
waters that fall on the earth's surface — on its mountains as 
well as its plains — sinks through the ground and often 
penetrates to unknown depths between the strata or their 
layers. Such under-ground waters become under-ground 
streams ; and, as their channels are surrounded by rocks, the 
water flows actually in a tube. When, therefore, they have 
their source in elevated regions, the pressure increases with 
the descent, and wherever an opening in the country below 
gives them a chance of 
escape, they often come out ^'^- ^^*" 

with great force. By boring 
down through the rocks, 
such an under-ground 
stream may be struck in 
almost any region, and fre- 
quently the water will rise 
and rushoutof the opening 

in a jet of great height. aEcimnain.tn.tii.g theodginof Ari™i«d.eiii. 
In fig. 365 the under-ground waters are supposed to enter at 
a, along a clayey layer (for clayey layers hold the water, 
while it will soak through a sandy one); it escapes by the 
boring b c, and is thrown up in a jet to d. There is so much 
friction along the bed of the stream in the course of its 
descent, that the height of the jet is always much less than 
the whole descent, or 6 e. 
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Such wells are usually called Artesian wells or boriiigs, from 
the district of Artois in France, where they were early 
made. The Artesian well of Grenelle in Paris is 2000 feet 
deep. One at St. Louis has a depth of 2200 feet; another 
at Lonisyille is over 2000 feet. Such wells are used for 
agricultural purposes in California, and for manufacturing 
in various cities, as Now York, New Haven, etc. 

The under-ground waters often gush oat along a seashore, 
or from beneath the sea; and sometimes in so great volume 
that vessels at certain seasons are enabled to take in fresh 
water from alongside while lying off in a harbor. 

They flow and have cascades in many caverns, as in the 
Hammoth Cave, Kentucky, the Adelberg Cave near Trieste 
in Austria, and many others. Id some cases they come out 
to the surface in sufficient volume to turn a mill, and are set 
to work immediately on their showing themselves. 

2. Erosion. — Subterranean waters have eroding and tran- 
sporting power, as well as those of the land, and may exca- 
vate large channels. 

3. Land-slides. — Landslides are of different kinds : — 

(1.) The sliding of the surface earth or gravel of a hill 
down to the plain below. This effect may be caused by the 
waters of a severe storm wetting the material deeply and 
giving it greatly increased weight, besides loosening its attach- 
ment to the more solid mass below. 

(2.) The sliding down a declivity to the plain below of 
the upper layer of a rock-formation. This may happen 
when this upper layer rests on a clayey or sandy layer and 
the latter becomes very wet and greatly softened by the 
waters ; the upper layer slides down on the softened bed. 

(3.) The settling of the ground over a large area. This 
may take place when a layer of olay or loose sand becomes 
wet and softened by percolating waters, and then is pressed 
out laterally by the weight of the superinenmbent layers. 
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But this effect cannot be produced nnlees there happens to 
be a. chance for the wet layer to move or escape laterally. 

2. THE OCEAN. 

The ocean is vast in extent and vast in the power which 
it may exert. But its mechanical work in Geology is mostly 
confined to its coasts and to soundings, where alone material 
exists in quantity within reach of the waves or currents. 
In ancient time, when the continents were nearly flat and to 
a great extent- submerged at Bhallow depths, this work was 
performed simultaneously over a large part of their surface, 
and strata nearly of continental extent were sometimes 
formed. In the present age, oceanic action is confined to 
the borders of the continents. 

The mechanical effects of the ocean are produced by its 
waves and currents. 

L Erodon and lI'nuuportatioiL 

1. WaTM. — (1.) General action. — The oceanic waves are a 
constant force. Night and day, year in and year out, with 
hardly an intermission, they break against the beaches and 
rocks of the coasts ; — sometimes gently, sometimes in heavy 
plunges that have the force of a Niagara of almost unlimited 
breadth. The gentlest movements have some grinding 
notion on the sands, while the heaviest may dislodge and 
move along up the shores rocks many tons in weight. 
Niagara wastes its power by felling into an abyss of waters : 
while in the case of the waves the rocks are bared anew for 
each successive plunge. Cliff8areundermiDed,rocks are worn 
to pebbles and sand, and sand ground to the finest powder. 
Bocky headlands on windward coasts are especially exposed 
to wear, since they are open to the battering force from 
different directions. 

(2.) Level of greatest eroding action. — The eroding action 
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is greatest for a short distance abi 
and, except in violent Btortns, it h 
level. Figure 366 reprcBents 
in profile a cliff, having its 
lower layers, near the level of 
low-tide, extending out as a 
platform ahundred yards wide. 
As the tide commences to move 
in, the waters while still quiet 
swell over and cover this platform, and so give it their pro- 
tection; and the force of wave-action, which is greatest 
above half-tide, is mainly expended near the base of the 
cliff, just above the level of the platform. 

(3.) Action landward. — Waves on shallow soundings have 
sometransportingpowerj and, as they always move toward 
the land, their action is landward. They thus beat back, 
little by little, any detritus in the waters, preventing that 
loss to continents or islands which would take place if it 
were carried out to sea. 

(4.) Effect on outline of coasts — No excavation of narrow 
valleys. — As the action of waves on a coast tends to wear 
away headlands, and at the same time to fill up bays with 
detritus, the general result will be to render the outline 
more regular or even. There is nowhere a tendency to 
excavate narrow valleys into a coast,like those occupied by 
rivers. Such valleys are made by the waters of the land ; 
for the ocean can work at valley-making only when it has 
already an open channel for the waters to pass through, 
and then the valleys are of very great width. If a continent 
were sinking slowly in the ocean, or rising slowly from it, 
wave-action wonld still be attended by the same results; for 
each part of the surface would be successively a coast-line, 
and over each there would be the same wearing away of 
headlands and filling of bays, instead of the excavation of 
valleys. 
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2. Tidftl omifliiti. — 7*idalnurrenU often havo great Btreagth 
when the tide moves through channels or among islande, 
and consequently are a means of erosion and transportation 
in daily action wherever there is mud or sand within their 
reach, as is osDally the case in the vicinity of the land. 

The out-fiowing current, or that connected with the ehhlng 
tide, ia deeper in its action and has, therefore, more excavating 
and more transporting power than the in-fiowing, or that of 
the incoming tide. The latter moves on as a great swelling 
wave, and fills the bays mach above their natural level ; but 
the out-flowing current begins along the bottom in bays 
before the tide is wholly in, owing to the accumulation of 
waters, and when the tide changes it adds to the strong 
current-movement already in progress. 

The piling up of the waters in a bay by the tides, or by 
storms, produces, especially if the entrance is not very 
broad, a strong out-Bowing current at bottom, which tends 
to keep the channel deep and clear of obstructions. 

The bore or eagre of some great rivers is a kind of tidal 
flow up a stream. It is produced when the regular rise of 
the tide in the bay at the month of the river is prevented 
by the form of the entrance and its sand-banks, together 
with the outflow of the river, so that the waters are for a 
while prevented from entering nntil, finally, all of one tide 
rush in at once, or in a few great waves. The eagres of 
the Amazon, the Hoogly in India (one of the months of the 
Ganges), and the Tsien-tang in China, are among the most 
remarkable. In the case of the Tsien-tang, the water moves 
up stream in one great wave, plunging like an advancing 
cataract, 4 or 5 miles broad and 30 feet high, at a rate of 25 
miles an hour. The boats in the middle gf the stream 
simply rise and fall with the passage of the wave, being 
pushed forward only a short distance ; hut along the shores 
there is great devastation, the banks being worn away and 
animals often surprised and destroyed. 
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3. Cnrrenti made by windi. — There are also currents pro- 
duced by winds, especially when there are long stoniiB, or 
wheD the winds blow for months in one direction. The 
currents thas made have but little depth. Sweeping by an 
island, tbey transport from one place to another in their 
conrsB more or less of the sand of the shores, and the same 
sand may be in part carried back again when the season 
changes to that in which the wind blows from the opposite 
direction. Other portions of detritus may be carried by 
them away &om the island and distributed in the deeper 
waters. 

4. Oreat oceanie cnrrvats. — The great currents of the ocean, 
like that called the Gulf Stream, are for the most part so 
distant from the borders of the continents that little detritus 
comes within their reach. As these cnrrents have great 
depth, — often a thousand feet or more, — their course is deter- 
mined by the deep-water slopes of the submerged border of 
a continent, so that when the submerged border is shallow 
for a long distance out (as off New Jersey and Virginia, 
where this long distance is even 50 to 80 miles), the oarrent 
is equally remote, and exerts very feeble if any action near 
the shores. Wherever it actually sweeps close along a 
coast, it will bear away some detritus to drop it over the 
bottom in the neighboring waters. 

The oceanic currents flowing from polar seas produce 
important effects by means of the icebergs which they bear 
into warmer latitudes. These icebergs are freighted with 
thousands of tons of earth and stones; and wherever they 
melt, they drop the whole to the ocean's bottom. The sea 
about the Newfoundland banks is one of the regions of 
the melting bergs ; and there is no donbt that vast submarine 
unstratified accumulations of such material have been there 
made by this means. It has been suggested that the banks 
may have been thus formed. 
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S. Dutribntiaii of matarial, ud tli« formatioa of marise and 
flavio-marina dapoiita. 

1. Origin of materioL — The material nsed by the waves 
and currents ia either — (1) the Btonea, gravel, sand, (»r earth 
produced by the wear of coasts; or (2) the detritna brought 
down by rivers and poured into the ocean, as explained on 
page 281. 

The latter in the present age is vastly the most important. 
Bat in the earlier geological ages, when the dry land was 
of very small extent, rivers were small and were but a feeble 
agency. The ocean had then vastly greater advantages 
than now, because, as stated on page 84, the continents 
were mostly submerged at very shallow depths, or lay near 
tide-level within reach of the waves and currents. 

2. Forces in action. — In the distribution of this. material, 
the waves and marine currents may work alone, in the man- 
ner explained on the preceding pages, or in conjunction 
with river-cnrrenta wherever these exist. 

3. Xarina fbrmations. — The marine formations are of the 
following kinds : — 

(1.) Beach-accumulations. — Beaches are made of the mate- 
rial borne up the shores by the waves and tides and left above 
tide-level. This material consists of stones or pebbles, sand, 
mud, earth, or clay. It is coarse when the waves break 
heavily, because, although trituration to powder is going on 
St all times, the powerfhil wave-action and the undercurrent 
carry oS the finer material into the off-shore shallow 
waters, where it settles over the bottom or is distributed by 
currents. It is fine where the waves are gentle in movement, 
as in sheltered bays, the triturated material remaining in 
such places near where it is made, and often being the finest 
of mud. 

(2.) Sand-banka, or reefs — Shallow-water accamulatioM. — 
Shallow-water accumulations may be produced in bays. 
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estuarieB, or the iDDer channelB of a coast, and over tho 
bottom outside. Thej consist asnally of coarse or fine sand 
and earthy detritus, but may include pebbles or stones when 
the cnrrentB are strong. The material constituting thorn is 
deriTed from the land through the triturating and tran- 
sporting action of the waves and currents. The accumula- 
tions may increase under wave-action in Bhallow water, 
antil they approach or rise above low-tide level, and then 
they form sand-hanke. Such sand-banks keep their place 
in the face of the waves, for ihe same reason as the platlbrm 
of rock mentioned on page 284 and illustrated in fig. 366, 

(3.) Muvio-marine formationa. — Most of the accumula- 
tions Id progress on existing shores, whether sand-banks, or 
estuary or off-shore deposits, especially about well-watered 
continents, contain more or less of river-detrituB, and are 
modified in their forms by the action of river-currente. 
Along the whole eastern coast of the TTnited States south 
of New England, and on all the borders of the Gulf of 
Mexico, the formations in progress are ma.\u\y fiuvio-marine, 
— that is, the combined result of rivers and the ocean. Tho 
coast-region on the continent is now slowly widening 
through this means, and has been widening for an indefinite 
period. This coast-region is low, flat, often marshy, full of 
channels or sounds; and facing the ocean there is a barrier 
reef, made of sand. 

The rivers pour out their detritus especially during their 
floods, and the ocean's waves and currents meet it as the 
tide BetB in with a counter-action, or one from the seaward; 
and between the two the waters lose in rate of flow and 
drop the detritus over the bottom. When the river is very 
large and the tides feeble, the banks and reei^ extend far 
out to sea. The Mississippi thus stretches its many-branched 
mouth (p. 280) many miles into the Gulf When the tide 
is high, sand-bars are formed; and the higher the tides tho 
closer arc the Band-bars to tho coast. When the stream is 
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email, the ocean may throw a Band-baok quite across its 
month, BO that there shall be no egress to the river-waters 
except by percolation through the sand; or, if a channel bo 
left open, it may be only a shallow one. 

3. Btmotiiza of tht fiomatioiu. 

Seach-formations are very irregular in stratification. The 
layers — as shown in figure lie, page 81 — have but little 
lateral extent, and change in character every few feet. 
They often include patches of stones, as well as pebbles and 
sand. 

The sand-banks and reefs made along a coast have much 
more regular stratification, and are mostly composed of sand 
with some beds of pebbles. They often vary much every 
mile or every few miles. 

Those beds that are formed in shallow waters, as in bays 
or in the off-shore waters, retain a uniformity of stratifica- 
tion over much larger areas, and may consist of pebbles, 
sand, or finer earth. The extent and regularity of level of 
the submerged area will determine in a great degree the 
extent to which the uniformity of stratification may extend ; 
and in this respect the former geological ages, as observed 
on page 287, had greatly the advantage of the present. 

Ripple-marks (figure 18, p. 32) are made by the spread of 
the waters in a wave up a beach, or by wave-action on the 
bottom within soundings where the depth does not exceed 
60 or SO fathoms. Rill-marks (fig. 19) are produced when 
the return waters of a tide, or of a wave that has broken 
on a beach, flow by an obstacle, as a shell or pebble, and are 
piled up a little by it so as to be made to plunge over it and 
fo erode the sands for a short distance below the obstacle. 
The oblique lamination in a layer, or ebb-and-flow structure, 
results from the rapid inward movement of the tide, or of a 
current, over a sandy bottom : it makes a series of inclined 
tuycrs by the piling action; when the movement ceases, the 
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detritus will deposit horizontally for a while; and afterward 
the same inward movement may be repeated, prodncinj; 
anew the oMique lamituUion. 

The imbedded shells and other animal relics in a beach 
are worn or broken ; those in the bays or off-ahore shallow 
waters oot of the reach of the waves may be unbroken, or 
may lie as tbey did when living; but if the waters are not 
BO deep but that the shells or corals are exposed to wave- 
action, they may be broken or worn to powder, and enter in 
this state into the formation in progress. See (page 85) the 
remarks on the formation of limestone from shells or corals. 
In the sands of beaches near low-tide level, borings of Sea- 
worms, or of some Mollusks or Crustaceans, may exist. 



8. FREEZING AND FROZEN WATERS. 
A. FREEZING WATER. 

As water in the act of freezing expands, the freezing pro- 
cess, when taking place in the seams of rock, opens the 
seams and tears massea asunder. Tbis kind of action la 
especially destructive in the case of rocks that are much 
fissured, or intersected by joints, or that have a slaty or 
laminated structure. As the action continues through suc- 
cessive years and centuries, it may result in great accumu- 
lations of broken stone. The slope, or talus, of fragments 
at the foot of bluffs of trap or basalt is often half as high as 
the bluff itself. In tropical countries, bluflfe have no such 
masses of ruins at their base. 

Granular rocks, whether crystalline or not, when they 
readily absorb water, lose their surface-grains by the same 
freezing process. Granite, as well as porous sandstones, 
may thus be imperceptibly turning to dust, earth, or gravel. 
In Alpine regions this action may be incessant. 
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B. FROZEN WATER. 
The effects of ice and bdow are coiiTeniently considered 
under three heads: — 1. The Ice of lakes and rivers; 2. 
Glaciers; 3. Icebergs. 

1. ICE OF LASES AND BITERS. 

4 

The ice of lakes and rirers often tronzee about stones along 
their shores, making them part of the mass; and other stones 
sometimes fall on the surface from orerhanging bluffb. In 
times of high-water, or floods, the ice, rising with the 
waters, may carry its harden high up the shores, or over 
the flooded flats, to leave them there as it melts ; or, if 
within reach of the current, it may transport the stones (at 
down stream. This is a common method of transportation 
by ioe. Large accnmnlations of bonlders are sometimes 
made by this means on the shores of lakes far above the 
ordinary level of the waters. 

2. GLACIERS. 

1. Glaciers are ice-streams, or rivers in which the moving 
material is frozen instead of liquid water. 

Like targe rivers, they have their sonrces in high moun- 
tains, derive their waters from the clouds, and descend along 
the valleys; but the mountains are such as take snow from 
the clouds instead of rain, because of their elevation. They 
rise only in those mountains that receive annually a large 
supply of snow from the clouds; for the snow must accumu- 
late to a great depth. 

Like large rivers, many tributary streams coming from 
the different valleys unite to make the great stream. 

As with rivers, their movement is owing to gravity, or to 
the weight of the material; but the average rate of motion, 
instead of being some miles an hour, is generally but 8 to 
10 inches a day, or a mile in 15 to 25 years. 
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As with rivers, the centra! portiona move moat rapidly, 
the sideB and bottom being retarded by friction ; but the 
difference of rate between the eides and bottom is far 
greater in glaciers than in rivers. 

The. snow of the mountaia-tope, which is perhaps hun- 
dreds of feet deep, becomes compacted and converted into 
ice mainly by its own weight; and thus the glacier begins. 
As it starts on its course, the clouds furnish new snows to 
keep up the supply and help press on the moving mass. 

2. Fractures attending the movement — Crevasses. — Every val- 
ley has its ridgy eides, its sharp turns, its abrupt narrowinga 
and widenings, its irregular bottom ; and the stiff ice, com- 
pelled to accommodate itself to these irregularities, has, 
consequently, profound crevasses made usually along ita 
borders, besides multitudes of cracks that are not visible at 
the surface; also, still profo under chasms when wrenched 
in turning some point; longer crevasBes, crossing even ita 
whole breadth, when the ice planges down a steep place 
in an ice-cascade, or when, on escaping from a narrow 
gorge, it moves off freely again with increase of slope. 
Again, it may lose alt its crevasses, from their closing np, 
when the motion is impeded by diminished slope or other- 
wise. 

3. Descent below the snoic-line. — The icy mass thus descends 
5000 to 7600 feet below the snow-line, or the limit of per- 
petual snow. It resists the melting beat of summer because 
of its mass, just like the ice in an ice-house. Though start- 
ing where all is white and barren, it passes by regions of 
Alpine flowers, and often continues down to a country of 
gardens and human dwellings before its course is finally cut 
short by the climate. Thus, the Jifer de Glace, which, under 
the name of the Bois Glacier, rises in Uont Blanc and other 
neighboring peaks, terminates in the vale of Chamouni. 
And in a similar manner two great glaciers descend from 
the Jungfrau and other heights of the Bernese Alps to 
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the plains of the Grindelwald valley just south of Inter, 
lachen. 

Fig. 367 represents one of the ice-strefltns of the Ifonnt 

Eosa region in the Alps, from a view in Professop Agasaiz's 

work on Glaciers. It shows the lofty regions of perpetual 

Flff. 3ST. 



snow in the distance ; the bare rocky elopes that border it, 
later on its coarse ; and the many crevasses that intersect 
the anrface of the ice-stream. 

4. Glacier torrent. — The meltinp; over the anrface of a 
glacier and about the sides of its crevaeaes ^ives origin to a 
stream of water flowini; beneath it, which becomes gradu- 
ally a torrent of considerable size, and finally emerges to 
the light from beneath the bluff of ice in which the glacier 
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terminates. Thence it contioues on its rocky course down 
the valley. 

6. Method of vKvement. — The movement and condition of 
ft glacier is almost wholly dependent on the facility with 
which ice breaks and nnitea again into solid ice when the 
broken sur&cee are brought into contact. This quality, first 
noticed by Faraday and applied to Glaciers by Tyndall, is 
called regelation, the word meaning a freezing together again. 
It is easily tried by breaking a lump of ice and bringing the 
surfaces again into contact : if moist, as they are at the 
ordinary temperature, they at once become firmly united. 
A glacier moves on and accommodates itself to its nneven 
bed by breaking when necessary, and in its progress it may 
soon become as solid as before. Thus it breaks and mends 
itself as it goes. 

Small portions of a glacier may elide along its bed, but 
the glacier never slides as a whole. In some places there 
may be an adaptation to an uneven surface by bending 
without breaking (which may take place if the force be ex- 
ceedingly slow in action) ; bat this also is a means of motion 
of small importance, compared with the first mentioned. 

6. Transportation by Glaciers — Moraines. — Glaciers become 
laden with stones and earth falling from the heights above, 
or coming down in crushing avalanches of snow and stones. 
The stones and earth make a band along either border of a 
glacier, and such a band is called a moraine. When two 
glaciers unite, or a tributary glacier joins another, they 
carry forward their bands of stones with them; but those 
on the uniting sides combine to make one moraine. A large 
glacier like that in fig. 367 may have many moraines, — or 
one less than the number of its tributaries. Some of the 
masses of rock on glaciers are of immense size. One is 
mentioned containing over 200,000 cubic feet, — which is 
equivalent in cubic contents to a building 100 feet long, 50 
wide, and 40 high. 
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la the lower part of a glacier the several moraines lose 
their distinctness through the melting of the ice; for this 
brings to one level the dirt and stones of a considerable part 
of its former thicknesa, and the surface, therefore, becomes 
covered throughout with earth and atones. The bluff of ice 
which forms the foot of a glacier is often a dirty mass, 
showing little of its real nature in the distant view. 

The final melting leaves all the earth and stones in 
unstratified heaps or deposits, to be further transpoi-ted, 
eroded and arranged hj the stream that flows from the 
glacier. 

7. Erosion by Olaciers. — ^A glacier so laden with stones 
must have stones in Its lower surface and sides aa well as 
in its mass. As it moves down its valley, it consequently 
abrades the exposed rocks over which it passes, smoothing 
and polishing some aurfacea, covering others closely with 
parallel scratches, and often ploughing out broad and deep 
channels, besides scratching or smoothing the ploughing 
boulders. 

In addition to these minor operations, glaciers deepen and 
widen the valleys in which they move. In this work they 
are aided by the frosts (p. 290), avalanches, and glacier 
torrents. 

8. Glacier regions, — The best known of Glacier regions are 
those of the Alps, in one of which Mont Blanc stands, with 
its eummit 15,760 feet above the aea. There are glaciers also 
in the Pyrenees and the mountains of Norway, Spitzbergen, 
in the Caucasus and Himalaya, in the Southern Andes, in 
Greenland and other Arctic regions, etc. One of the Spitz- 
bergen glaciers borders the coast for 11 miles with clifis of 
ice 100 to 400 feet high. The great Humboldt Glacier of 
Greenland, north of 79° 20', has a breadth at foot where it 
enters the sea of 45 miles; and this is hut one glacier among 
many in that icy land. 
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8. ICEBEKOS. 
When a glacier liko those of Greenland termiaates in the 
Boa, the icy foot bearing its moraines hecomea broken off 
from time to Lime; and these fragmentB of glaciers, floated 
aw&j by the sea, are icebergs. The geological effects of ice- 
bergs have been stated on page 286, ' 

4. FORMATION OF SEDIMENTAET BEDS. 

The following is a brief recapitulation of the explanations 
of the origin of deposits given in the preceding pages. 
Igneous and other crystalline rocks are not here included. 

1. Sources of material — The material of sedimentary 
rocks has come either — (1) troia the degradation of pre-, 
existing rocks, or (2) from a state of solution In the waters 
of the globe. These waters have in general taken up their 
mineral material originally from the rocks, except that part 
which has always existed in the ocean ever since the ocean 
began to be. 

The principal means of degradation arc the following : — 
1. Erosion by moving waters, either those of the sea or 
land (pp.283, 273); 2, Erosion by ice, either that of glaciers, 
icebergs, or ordinary snow and ice (pp. 291,295); 3. Pressure 
of water filtrating into fissures ; 4. Freezing of water in 
fissures (p. 290); 5. Chemical decomposition, in the course 
of which rocks are crumbled down to fragments or earth, 

2. Formation of deposits. — The methods by which deposits 
have been formed are the following: — 

1. j5y t/ie waters of the sea. 

(1.) Through the sweep of the ocean over the continmta 
when barely or partly submerged, — viaking (a) sandy or pebbly 
deposits near or at the snrface where the waves strike, or 
at very shallow depths where swept by a strong current ; 
(b) argillaceous or shaly deposits near or at the surface. 
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n-hcre sheltered fhim the waves, and also, at considerable 

depths, out of material washed off the land by the waves or 
carrentB ; but twt making (<•) coarse sandy or pebbly deposits 
over the deep bed of the ocean, as oven great rivers carrj- 
only silt to the sea ; and not making {d) argillaceous depoeitu 
over the ocean's bed except along the borders of the land, 
unless by the aid of a river like the Amazon, in which case, 
still, the detritus is mostly thrown back on the coast by tho 
waves and currents. 

(2.) Through the waves and currents of the ocean acting 
on the borders of the continent with tho same results as above, 
except that tho beds have iess extent. 

(3.) Through living species, and mainly Mollusks, Eadiales, 
and Rbizopods, affording calcareous material for strata (p. 
19), and Diatoms and some Protozoans, siliceous material 
(p. 14). All rocks made of corals, and the shells of Mol- 
lusks, excepting the smallest, require the help of the waves 
at least to fill up the interstices ; but Rhizopods and siliceous 
Infusoria may make rocks in deep wuter, by accumulation, 
which are in no sense sedimentary. See pp. 265, 266. 

2. By the waters of lakes. — Lacustrine deposits are essen- 
tially like those of the ocean in mode of origin, unless the 
lakes are small, when they are like those of rivers. 

3. By the running waters of the land. — (1.) Filling the val- 
leys with alluvium, and moving the earth from the hills 
over the plains (p. 277). (2.) Carrying detritus to the sea 
or to lakes, to make, in conjunction with the action of tho 
sea or lake waters, delta and other seashore accumulations 

4. By frozen waters. — (1.) Spreading the rocks and earth 
of the higher lands over the lower, and, in the process, 
bearingonwardblocksof great size,suehaa cannot be moved 
by other means, as well as finer material (pp. 291, 294). (2.) 
Carrying rocks and earth from the land to the ocean, either 
to the seashore, making accumulations in lines or moraines, 
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or to distant parts of the ocean, as from the Arctic to the 
Newfoundland Banks ^ and thus contributing to deep or 
shallow water or shore sedimentary accumalations, distin- 
guished for the irregular intermingling of hage bloclis of 
atone, pebbles, and earth (p. 286). 

o. GENERAL EFFECTS OF EROSION OTEK CON- 
TINENTS. 

The outlining of mountain-ridges and valleys has been in 
part produced by finbterranean forces upturning and frac- 
turing the strata; but the final shaping of the heights is 
due to eroaion. This cause has been in action from the ear- 
liest time, and the material of nearly all rocks not calcareous 
have resulted from the erosion of pre-existing formations. 

Tlie Appalachians have probably lost by denudation 
more material than tliuy now contain. Mention has 
been made of faults of even twenty thousand feet along 
the course of the chuin from Canada to Alabama. In 
such A fault, one side is lefl standing twenty thousand 
feet above tlie other, equivalent in height to some of the 
loftier mountains of the globe ; and yet now the whole is so 
levelled off that there is no evidence of the fault in the 
surface-features of the country. The whole Appalachian 
region consists of ridges of strata isolated by long distances 
IVom others with which they were once continuous. Fig. 
:i53 represents a common case of this kind. It ia supposed 
by some geologists that the Appalachian and Western coal- 
fields were once united, and that, in western Ohio and other 
parts of the intermediate region, strata thousands of feet 
deep, from the Lower Silurian upward, have been removed, 
and this over a surface many scores of thousands of square 
miles in area. This view has been questioned on a former 
page. Whether true or not, there is no doubt that the 
anthracite coal-fielda of central Pennsylvania were once a 
part of the great bituminous coal-field of western Fennayl- 
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vania and Virgiuia (tig. 219, p. 118). They aro now in iso- 
lated patches, and formations of groat extent have been 
removed over the intervening country. The Illinois coal- 
region ia broken into many parte in consequence of similar 
denudation and uplifts. 

In New England there is evidence of erosion on a scale 
of vast magnitude since the orystallisation of its rocks. On 
the summit-level between the head-waters of the Merrimao 
and Connecticut, there are several pot-holes in hard granite; 
one, as described by Professor Hubbard, ia ten feet deep and 
eight feet in diameter, and another is twelve feet deep. They 
indicate the flow of a torrent for a long age where now it 
ia impossible; and the period may not be earlier than the 
Post-tertiary. Many other similar cases are described by 
Hitchcock. 

These e.\amples of denudation are sufficient for illustra- 
tion. Europe and the other continents furnish others no 
less remarkable, and to an indefinite extent. 

IV. HEAT. 

The crust of the earth derives heat from three sources : — 
1. The sun, an external source ; 2. The earth's heated inte- 
rior; 3. Chemical and mechanical action. The first two 
sources are geologically the most important. 

Internal heat- — The fact of a high heat in the earth's inte- 
rior is established in various ways. 

1. T?ie form of the earth. — The form of the earth is a 
spheroid, and a spheroid of just the shape that wontd have 
resulted from the earth's revolution on its axis, provided it 
had passed through a state of complete fusion, or of igneous 
fluidity, and had slowly cooled over its exterior. Hence 
follows the conclusion that it has passed through such a 
state of ftiaion, which is greatly strengthened by the other 
evidence here given. Another concluaion also follows: — 
namely, that the earth's axis had the same position (or, at 
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least, very nearly the same) when cooling began as now. 
There is no evidence that there haa been at any time a 
change. 

2. Crystalline character of the lowest rocks. — On descending 
through the earth's strata, the lowest reached are crystalline 
rocks. The Azoic rocks, which are the earliest, have been 
found to be, wherever observed, either crystalline or firmly 
[■onsolidated, whjcli proves that they must have been sub- 
jected for a long lime to the action of heat. 

3. Artesian borings. — In deep borings for water, like those 
mentioned on ]>^ge 282, it has been found that the tempera- 
ture of the earth's crust increases one degree of Fahrenheit 
for every 50 or 60 feet of descent. The rate of 1° F. for 50 
feet of descent, in the latitude of New York, would give 
heat enough to boil water at a depth of 8100 feet ; and at a 
depth of about 28 miles the tempurature would be 3000° F., 
or that of the fusing point of iron. Since, however, the 
fusing temperature of any substance increases with the 
pressure, the depth required before a material like iron 
would be found in a melted state, would be greater than 
this. The facts suffice at least to prove that the earth has 
a source of heat within, and that a very high heat exists at 
no great depth. If the solid crust is 100 miles thick, it is 
still thin compared with the distance to the earth's centre. 

4. Distribution of Volcanoes. — The gi-eat Pacific Ocean haa 
nearly a complete girt of volcanoes, extinct or active, and 
all of its many islands that are not coral are wholly volcanic 
i.^lands, — excepting New Zealand and a few others of large 
size in its southwest corner. Volcanoes occur along many 
pai'ts of the Andes from Tierra del Fuego to the Straits of 
Dariou, in Central America, in Mexico, California, Oregon, 
and beyond^ in the Aleutian Islands on the north; in Eamt- 
ohatka, Japan, the Philippines, New Guinea, New Hebrides, 
New Zealand on the west; and on Antarctic lands both 
south of New Zealand and South America. The voicanio 
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region thus bounded is equal to a whole homispliere, and is 
ample proof as to the nature of the whole globe. With 
outlets of fire so extensively distributed over this vast area, 
there surely must be some universal seat of fire beneath. 

But there are volcanoes also in the East Indies in great 
numbers, both extinct and active, in the islands of the Indian 
Ocean, in the West Indies, in the islands of the Atlantic, 
and in the vicinity of the Mediterranean and Red Seas. 

The various evidences mentioned combine to prove that 
the interior of the earth is a source of heat. 

EFFECTS OF HEAT. 

The following are the effects of heat here considered : — 

1. Volcanoes. 

2. Igneous ejections that are not volcanic. 

8. Metamorphism, and the production of mineral veins. 

The heat of the globe is also one of the causes of earth- 
quakes, of change of level in the earth's crust, and of the 
elevation of mountains : these subjects are considered in 
the following chapter. It is an important agent also in alt 
chemical changes. 

1. VOLCANOES. 
A. Oeseral nature of voloanoes and their prodnoti. 

Volcanoes are mountain-elevations of a somewhat conical 
form, which eject or have ejected at some time streams of 
melted rock. If the fire-mountain has at present no active 
fires within, and is emitting no vapors, it is said to be 
extinct. The following figure is a sketch of the lofty volcano 
of Cotopaxi, as published by Humboldt. The height of the 
peak is 18,876 feet. The larger volcanic mountains are 
seldom so steep aa in this figure. Etna, about 10,000 feet 
high, and Mount Kea and Mount Loa of Hawaii, nearly 
14,000 feet, have an average slope of less than 10 degrees. 
The form of a cone with a slope of 7 degrees — which is the 
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average for the Hawaian volcanoes — ia showu in figs. 369. 
370; fig. 369 has a pointed top, like Mount Kea, and fig. 370 



\ rounded outline, like Mount Loa, whoae form ii 
pery low dome 

Pig. 3BB. 



The highest of volcanic mountains on the globe are the 
Aconcagua peak in Chili, 23,000 feet, and Sorata and lUi- 
mani, in Bolivia, each over 24,000 feet. The former appears 
to be still emitting vapors, showing that the fires arc not 
wholly extinct. The mountains Shasta, Hood, Helens, and 
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otheis in Califoroia and Oregon are isolated volcanic cones 
13,000 to 15,000 feet high. 

The cavity or pit in the top of a volcanic mountain, 
where the lavas may often be seen in fiision, is called the 
crater. It is sometime) thousands of foet deep, bnt may bo 
quite shallow j and iu extinct volcanoes it is often wholly 
wanting, owing to its having been left filled when the fires 
went ont. 

The liquid rock issuing from a crater, and the same after 
becoming cold and solid, is called lava. 

An active crater, even in its most quiet state, emits vapors. 
These vapors are mostly simple steam, or aqueous vapor; 
but in addition there are usnally sulphur gases, and Bom&- 
times carbonic acid or muriatic acid. 

In a time of special activity, fiery jets are sometimes 
thrown up to a gi'cat height, which, in the distance, at night 
look like a discharge of sparks from a furnace. These jets 
are made of red-hot fragments of the liquid lava; the frag- 
ments cool as they descend about the sides of the crater, and 
are then called cinders. 

When a shower of rain, or of moisture from the condensed 
steam, accompanies the fall of the cinders, the result is a 
mud-like mass, which dries and becomes a brownish or yel- 
lowish-brown layer or stratum called tufa. It is often much 
like a soft coarse sandstone, only the materials are of vol- 
canic origin. 

The materials produced by the volcano are. then — 1. 
Lavas; 2. Cinders; 3. Tufas; 4. Vapors or Gnses, which are 
mostly vapor of water, partly sulphur gases, and in some cases 
also carbonic acid, muriatic acid, and some other materials. 

The lavas are of various kinde. They are more or less 
cellular; sometimes light cellular, like tho scoria of a furnace; 
but more commonly heavy rocks with some scattered ragged 
cellules or cavities through the mass. A stream of lava in 
a crater, of this more solid kind, has often a few inches of 
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acoria at top, — aa a running stream of syrup may have ita 
scam or froth. The most of the scoria has this scum-like 
origin. Pumice is a very light grayish scoria, full of long 
and slender parallel air-cells. 

The lavas may be black or brownish, and greenish-black, 
in color, and very heavy (specific gravity above 2.9), as the 
Dolerite and Basalt, described on page 26; or they may bo 
rather light (specific gravity under 2.7) and grayish in color, 
as trachyte and phonolite. Phonolite is a very compact felds- 
pathic rock, giving a clinking sound under the hammer. 

A volcanic mountain is made out of the ejected materials ; 
.cither — (1) out of lavas alone; or (2) of cinders alone; or 
(3) of tufas alone; or (4) of alternations of two or more 
of those ingredients. As the centre of the mountain is the 
centre of the active fires, the ejections flow off or fall around 
it, and hence the form of a volcanic peak necessarily tends 
to become conical. 

The average angle of slope of a lava-cone is from 3° to 10° ; 
of a tufa-cone, 15° to 30°; of a cinder-cone, 30° to 45°; of 
mixed cones, intermediate inclinations according to their 
constitution. 

B. Voleanio ernptioiu. 

Tbe process of eruption, though the same in general 
method in all volcanoes, varies much in its phenomena. 
The fundamental principles are well shown at the great 
craters of Hawaii, the southeastemmost of the Hawaian 
(or Sandwich) Islands. 

1. Hawaian Volcanoes. — 1. General description. — Hawaii is 
made up mainly of three volcanic mountains, — two. Mount 
Loa and Mount Kea, nearly 14,000 feet high; and one (the 
western). Mount Hualalai, about 10,000 feet. Mount Kea 
is alone in being extinct. The average slopes of the two 
highest are well shown in figa. 369, 370, on page 302, fig. 
369 representing Mount Kea and 370 Mount Loa. 

Mount Loa has a great crater at top, and another 4000 
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feet above the level of the sea (at A, fig. 370). The latter is 
the famooB one called Kilauea, and also Lua Pele or Pele's 
pit, Pele being, in the mythology of the Hawaians, the 
goddess of the volcano. 
The accompanying map of the southeastern portion of 



Hawaii shows the positions of Mount Loa and Mount Kea, 
and of the crater of Kilauea, besides other craters at the 
summit of Mount Loa, and on the sides at P, A, B, C, K, Ac. 
2. Kilauea. — The crater of Kilauea is literally a pit. It 
18 three miles in greatest length, and nearly two in greatest 
breadth, and about seven and a half miles in circuit. It is 
large enough to contain Boston proper to South Bridge, 
three times over, or to accommodate 400 such structures as 
St. Peter's at Rome. The pit has nearly vertical sides of 
solid rock (made of lavas piled up in successive layers), and 
is 1000 feet in depth after its eruptions, and 600 when most 
filled with lavas (its present condition). The bottom is n 
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great area of solid lava; and it may be surveyed from the 
brink of the pit, even when in most violent action, as calmly 
and safely as if the landscape were one of houses and 
gardens. In some parts of it there are ordinarily one or 
more lakes or pools of liquid lava, and from these and 
other points vapors rise. The largest lake la sometimes 
1000 feet or more in diameter. 

3. Action in Kilauea. — The action is simply this. The 
lavas in the active pools are in a state of ebullition, jets 
rising and falling as in a pot of boiling water, with this dif- 
ference, that the jets are SO or 40 feet high. Such jets, in 
lava as well as water, arise from the effort of vapors to 
escape ; in water the vapor is steam derived from the water 
itself; in laraa it is steam and other gases from muterials in 
the lavas. 

The lavas of the pools or lakes overflow at times and 
spread in streams across the great plain that forms the 
bottom of the crater. In times of great activity the pools 
and lakes are numerous, the ebullition incessant, and the 
overflowings follow one another in quick succession. 

4. Catise of eruption. — By these overflows the pit slowly 
Alls, and in the course of a few years the bottom is, conse- 
quently, 400 feet above its lowest level ; so that the depth 
is thus reduced from 1000 to 600 feet. This addition of 400 
feet increases 400 feet the height of the central column of 
liquid lava of the crater, and causes a corresponding increase 
of pressure against the sides of the mountain. The amount 
of this pressure is at least two and a half times as great as 
that which an equal column of water would produce. The 
mountain should be strong to bear it. The lavas at such 
times may be in a state of violent activity, and when so 
there is an addition to the pressure against the sides of the 
mountain, arising from the force of the imprisoned vapors. 

The consequence of this increase of pressure, botli from 
the lavas and the augmented vapors, may be, and has several 
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times been, a breaking of the sides of the mountain. One 
or more fractures result, and out flows the lava through 
the openings. Thus simple are the eruptions of the Hawaiau 
volcanoes. 

In one such eruption the lavas first appeared at the 
surface a few miles below Eilauea (at P, fig. 371), and then 
again at other points more remote, A, B, C7, m; and finally 
a stream began at n, a point 20 mites from the sea, which 
continued to the shores at Kanawale. Here, on eocounter- 
ing the waters, the great flood of lava was shivered into 
fragments, and the whole heavens were thick with an illu- 
minated cloud of vapors and cinders, the light coming from 
the fiery stream below. 

This eruption of Kilauea took place, it will be observed, 
not over the sides of the crater, but through breaks in the 
mountain's sides below; and the pressure of the column of 
lava within, along with the pressure of the escaping vapors, 
appear to have caused the break. In all known eruptions 
of Kilauea the process has been that described. 

5. Summit-crater of Mount Zroa. — Eruptions have also taken 
place within a few years from the summit-crater of the same 
mountain (Mount Loa), or at a point nearly 14,000 feet high 
above the sea; and in each case there has been, not an over- 
flow from the crater, but an outflow through breaks in the 
sides of the mountain. In one case there was firat a small 
issue of lavas near the summit, and then another of great mag- 
nitude about 10,000 feet above the sea-level. At this second 
outbreak the lava was thrown up in a fountain, or mass of 
jets, several hundred feet high ; and thus it continued in 
action for several days. The forms of the fountain of liquid 
fire were compared by Eev. Mr. Coan to the clustered spires 
of some ancient Gothic cathedral. 

6. Cause of the jet or fountain of lava. — The pressure pro- 
ducing this jet was that of the column of lava between the 
point of outbreak and the level of the lavas in the summit- 
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cnt«r SOOO to 4000 feet above. The Bame pressure in coa- 
nectioD with confiDed vapors miiet have caused the breaking 
of the mountain in which the eruption began. There have 
been no great earthquakes accompanyiog the Hawaian ernp- 
tlons, sometimeB not even slight ones, the first announce- 
ment being merely " a light on the mountain." Moreover, 
when the eiunmit-c rater has been thus active, Kilauea, 
though 10,000 feet lower on the same mountain and even a 
lai^r pit-crater, has shown no agitation and no signs what- 
ever of sympathy. 

7. Condttsions. — These cases of eruption indicate — (1) that 
the lavas go on gradually increasing the pressure in the 
interior by their accumulation and rising to a higher level; 
and that finally, when the mountain can no longer resist it, 
it breaks and lets the heavy liquid out. They show (2) that 
while earthquakes may attend volcanic action, they are no 
necessary part of it. They show (3) that lavas may be ao 
very liquid that no cinders are formed during a great erup- 
tion. For in the ebullition of the lava in the boiling lakes 
of Kilauea, the jets (made fay the oonflned vapors) are thrown 
only to a height of 30 or 40 feet ; and on falling back, the 
material is still hot and does not become cooled fragments ; 
it either falls back into the pool or lake, or becomes plastered 
to its sides. 

At some of the eruptions of Mount Loa the lava has con- 
tinued down the mountain to a distance of 30 or 40 miles. 

2. VesnrilU. — Yesuvius is an example of another type of 
volcano. The lavas are so dense or viscid that jets cannot 
rise freely over the surface : the vapoi% are kept confined 
antil they form a bubbleof great dimensions; and when such 
a bubble, or a collection of them, bursts, the fragments are 
sometimes thrown thousands of feet in height. The crater, 
at a time of eruption, is a scene of violent activity, and can- 
not be approached. Deatractive earthquakes often attend 
the eruptions. 



D,q,i,.cd by Google 



HKAT — VOLCANOKS. 809 

The lavaa at VeeuTiae may flow directly ftora the top of 
the crater; bat they generally escape partly, if not entirely, 
through fieeures in the sides of the mountaiii. 

3. GompariBon of Honnt Loa and VeinTliu u to osiuea of 
tnption and nature of the monntainf . — Of the two causes of 
eroptioD — hydrostatic pressure and elastic force of confined 
vapoM — the latter may be the most effective at Veeuvius, 
while the former is so at Hawaii. Monnt Loa on Hawaii ia 
an example of the great free-flowing volcanoes of the world, 
and the monntain is almost wholly a lava-cone. Vesuvius is 
an example of a smaller vent with less liquid lavaa; and the 
oone is made np of both solid lavas and cinders. 

i. Lateral oones of Tolcanou. — la eruptions through fissures 
the lavas may continue issuing for some days or weeks 
through the more open or widest part of the fissure, and 
consequently form at this point a cone of cinders or lavas. 
Thus have originated innumerable cones on the slopes of 
Etna and other volcanic mountains. 

5. Sabmarme entptioiu. — ^The eraptions may sometimes 
take place trom the submarine slopes of the mountain when 
it is situated near the sea, as has happened with Etna and 
Mount liOa; and in such cases cones of fragmental lavas or 
solid layers may form under water about the opened vent. 
Fishes and other marine animals are usnally destroyed in 
great numbers by such eubfnarine eruptions. 

6. Sabridencei of voloanio r^oiu— Orerwheliiuiig of oitiei. 
— Among the attendant effects of volcanoes are the sinking 
of regions in their vicinity that have been undermined by 
the outflow of the lavas, and the tumbling in of the summit 
of a mountain. Another is the burial, not only of fields 
and forests, bat even of cities and their inhabitants, by the 
oatflowing streams, or the falling cinders and accumulating 
tufas. Pompeii and Herenlanenm are two of the cities that 
have been buried by Tesuviusj and every few years we 
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hear of some new devastations made on habitations or farms 
by this uneasy volcano. 

C. Ssbordinste Tolsanio phenomena. 

1. Solfotarsi. — In thevicinityof volcanoes, and sometimes 
in regions in which no volcanoes exist, there are areas where 
steam, sulphur vapors, and perhaps carbonic acid and other 
gases, are constantly escaping. Sach areas are called sol- 
fataras. The sulphur gases deposit sulphur in crystals or 
incrustations about the fumaroles (as the steam-holes are 
called) ; and alum and gypsum often form from the action 
of sulphuric acid (another result from the sulphur gases) on 
the rocks. 

Fountains or springs of hot waters are common in such 
places, and are often so abundant as to be used for baths. 

2. GeyBers. — In Iceland at the Geysers the heated waters 
are thrown out in intermittent jets in some cases to a height 
of 200 feet. Subterranean streams ariaing in the mountains 
are supposed to pass over heated rocks, and then to be forced 
upward by the vapors produced by the heat. Such heated 
waters act on the rocks, decomposing them, and thereby 
become slightly alkaline and also siliceous solutions. The 
silica thus taken into solution is deposited again around the 
Geysers in many beautiful forms, besides making the bowl 
of the cavity or basin from which the waters are thrown 
out, and forming numerous petrifactions. 

When the basin of a boiling pool consists of earth or 
mud, mud-cones are formed, as in California. 

2, IGNEOUS ERUPTIONS NOT VOLCANIC. 
It has been stated that eruptions of volcanoes generally 
take place through fissures. Fissures have often been made 
in the earth's crust and filled with liquid rock, also, in 
re^ons remote from volcanoes. Such iractnreB of the omst 
of the earth must have descended to some seat of fires, if 
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not through to the earth's liqnid interior. Whatever caoso 

was sufficient to break through the cruBt nouid have sufficed 
to press out the liquid rock beneath. The narrow mass of 
igoeoua rock which fills such fissures is called a dike (p. 30). 
The igneous rock is generally without cellules or air-cavities; 
or, if present, they are neatly formed, and not ragged like 
those of lavas. Such rocks having the cavities filled with 
minerals (aa quartz, zeolites, etc.) are called An-y.jilaloids, 

The most common rocks of such dikes are dolerite and 
basalt {p. 26), and next to these, diorite. and porphyry. The 
dolerite, basalt, and diorite are often callfd triip. 

Dikes of rocks of this kind are mentioned and described 
on p, 165 as occurring in various parts of the Eastern border 
region of North America, — constituting the Palisades on the 
Hudson; Bergen Hill and other heights in New Jersey; 
many bold bluffs in Connecticut between New Haven and 
its northern boundary; Mount Tom and Mount Holyoke 
and other elevations in central Massachusetts, and ridges in 
Nova Scotia near the Bay of Fundy. The rocks of the 
Salisbury Craigs near Edinburgh, and of the Giants' Cause- 
Fig. 3TZ. 
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way and Fingal's Cave, arc other examples. They arc 
common on all the continents, especially in the regions 
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between the Bummita of the border mouDtaina and the 
ocean, which are usually between 300 and 700 miles in 
breadth; ae, for example, between the Appalachians and the 
Atlantic, and between the Bocky Mountains and the Pacific. 
These basaltic and doleritic rocks are often columnar in 
their forms, as illustrated in the preceding sketch of a scene 
in New Soath Wales. The Giants' Causeway is remarkable 
for the regularity of its columns. Similar scenes of great 
beauty occur on Lake Superior, and some of less perfection 
in the Connecticut River valley and the Palisades on the 
Hudson. These columns wcro formed when the rock cooled, 
and are due partly to contraction and partly to a concre- 
tionary strncture produced in the process of cooling. The 
size of the concretions in nuch a case determines the diame- 
ter of the columns, and depends on the amount of material 
and the rate of cooling, the size being larger the slower the 
rate. 

S. METAMOEPHISM. 

1. Nature of metamorphism. — The term metamorpkism sig- 
nifies change or alteration; and in Geology, a change in the 
earth's rocks or strata, under the influence of heat below 
fusion, resulting in crystallization, or, at least, firm solidifi- 
cation : as when argillaceous shale is altered to roofing-slate 
or mica schist; argillaceous sandMone, to gneiss or granite; 
common compact limestone, to granular liviestone or statuary 
marble; a common siliceous sandstone, to a hard grit or to 
.guartzite. The more common kinds of rocks resulting through 
metamorphism are described on pages 23, 24. 

2. Effects. — The effects of metamorphism include not only 
— (1) solidification and (2) crystallization, but also — 

(3.) A change of color; as the gray -and -black of common 
limestone to the white color or the clouded shadings of 
marble ; and the brown and yellowish-brown of some sand- 
stones colored by iron, to red, making red sandstone and 
jasper-rock. 
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(4.) In most cases, a partial or complete expulsion of 
water, but not in all; for serpentine, a metamorphic rock, 
is one-eighth (or 18 per cent.) water. 

(5.) A partial or complete loss of bitumen, if this ingre- 
dient be present; as when bituminous coal is changed to 
anthracite or graphite (pp. 76, 160). 

(6.) An obliteration of all fossils ; or of nearly all if the 
raetamorpliism is partial. 

(7.) In man J cases, a change of constitntion ; for the ingre- 
dients subjected to the metamorphic process often enter 
into new combinations : as when a limestone, with its impu- 
rities of clay, sand, phosphates, and fluorids, gives rise under 
the action of heat not merely to white granular limestone, 
but to various crj-stalline minerals disseminated through 
it, such as mica, feldspar, scapoUte, pyroxene, etc. ; or when 
an argillaceous sandstone becomes a gneiss or schist fhll of 
garnets, tourmaline, hornblende, etc. 

Thus metamorphism often fills a rock with crystals of 
various minerals. Even the gems ore among its results; for 
t&paz, sapphire, emerald, and diamond have been produced 
through metamorphic action. What is of more value, this 
process makes out of rude shales and sandstones hard and 
beautiful crystalline rocks, as granite and marble, for archi- 
tectural and other purposes. Man's imitations of nature in 
this line are seen in his little red bricks. 

3, Process. — Water and heat are two agencies essential in 
metamorphism. 

Metamoi-phism has taken place generally when the rocks 
were undergoing great disturbances or uplifts, foldings and 
fanltings, and, therefore, when the conditions were favor- 
able for the escape of portions of the earth's internal heat. 
This heat has penetrated the wet rocks. The water or 
moisture within the rocks has rendered them good con- 
ductors of heat, and has aided directly in conveying the 
heat. Moreover, where the heat was above 212° F., or the 
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boiling point of water, — ae it probably has been in moat 
caaes of metamorphic change, — all of it has passed to what 
IB called a superheated state ; and in this state it has great 
power in dieaolviag and deconipoBing minerals and pro- 
moting new combinations and erystallizations. Under auoh 
circnmstances, the moisture becomes itself a solution by 
taking up mineral substances from the rock in which it is at 
the time ■. and those added materials are the source of a 
large part of its power in making changes ; for if it thus 
becomes an alkaline siliceous solution, like the waters of 
the Geysers (see p. 810), it may not only deposit quartz in 
all seams or cavities, if the temperature favors this, but it 
may, under other favorable circumstances, help in making 
feldspars, micas, and many other alkaline siliceous minerals; 
or if the alkalies are mostly absent and iron is present, the 
siliceous waters may promote the crystallization of stauro- 
tide and hornblende. 

The change of a siliceous sandstone to a grit or quartzite 
requires nothing but these conditions; for the moisture in 
such a rock would become, when subjected to slow heating, 
siliceous, from the material of the sandstone, and the silica 
taken up would be deposited again as the rock cooled, and 
so cement and solidify the whole into a true quartzite. Such 
quartzites often contain some feldspar, a mineral that would 
also he formed if a little alkali and alumina were present- 

These are examples of the various ways in which heated 
and superheated waters may promote metamorphic changes. 
Direct experiments have shown that these kinds of crystal- 
lizations do result from the action of heat. 

Pressure is requisite for most metamorphic changes. 
Limestone heated without pressure loses its carbonic acid 
and becomes quick-Ume, as in a lime-kiln; but if under 
pressure, the carbonic acid is not driven off. The possibility 
of the crystallization of limestone by heat, under pressure, 
has been proved by direct experiment. The necessary 
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pressure may be that of an ocean above; «r it may be only 
that of the superincumbent rocks, a few hundred feet of 
which would be quite eufficient. 

The similarity of argillaceous sandstones to gneiss or 
granite is often much greater than appears to the eye. 
They have been made by the wear of just such rocka as 
gneiss and granite ; and the sand of the former is the quartz 
of the latter, the clay of the former frequently only the 
pulverized feldspar of the latter, and mica may be in grains 
in the former as it is in the latter : so that the change 
would in such a case be mainly a change in the state of 
crystallization. By heating a bar of steel to a temperature 
far short of fusion, and cooling it again, it may be made 
coarse or fine steel, the process changing the grains by 
causing many small grains to combine to make the large 
ones in the coarser kind and the reverse for the finer kind. 
There is something analogous in the change of an argil- 
laceous sandstone to a gneiss or granite above described. 

If the sandstone or shale contains little or no alkali, its 
metamorphism cannot produce a gneiss or mica slate, since 
feldspar, one of the constituents of these rocks, contains an 
alkali as an essential ingredient. The result will necessarily 
vary with the constituents of the original rock, and the 
heat and other conditions attending the metamorphism. 

Often, however, the material derived from the wear of 
gneiss and granite and other rocks is not only pulverized, 
but also more or less decomposed : — the feldspar, for 
example, undergoes a change in its alkalies, or loses 
them altogether, they being carried off by waters, or the 
mica may lose its oxyd of iron and alkalies; or waters 
may bring in oxyd of iron or other ingredients ; and so on : 
and in such a case the process of metamorphism could 
not, of course, restore the original rock. The new rock 
made would contain no feldspar if the alkalies had been 
removed ; but it might be an argillite, or, if mnch oxyd of 
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iron wero preseqt, a hornblende rock, or some other kind, 
according to the nature of the material anbjected to the 
change, and the amoant or continuance of the heat. 

Examples of the metamorphism of extensive regiona of 
the earth have already beou mentioned on pages 75, 156, 
and these pages should bore be perused anew. In the case 
of the Aaoic formation, the rocks of a large part of the 
earth's surface may have been in process of crystallization 
at one time j and in that of the Appalachian chain changes 
of this kind took place not only over the region from Labra- 
dor to Alabama, but simultaneously in Europe and probably 
on the other continents. 

4. rOHMATION OF VEINS. 

1. NatuTe and origin of spaces occupied by veins. — Veins 
occupy (1) the cracks and fissures made in rocks and (2) 
openings between their layers, especially those of schistose 
or slaty kinds. They are produced in great numbers when 
a region of rocks is undergoing uplift, or when a folding 
of the strata is in progress. The fractures may descend 
through the crust, or to regions of melted rock, as in the 
case of the formation of dikes (p. 310) ; they may descend 
to depths of intense beat without reaching liquid rock 
below; they may intersect either several strata lying to- 
gether, or only one of a series, for some rocks will become 
fractured by the same circumstances that will leave others 
unbroken. 

2. Jelling of veins. — Whatever the cause of the fractures, 
the causes that produce so great metamorphic changes 
would fill the fissures and openings (when not so deep as to 
reach to regions of liquid rock) with minerals from the rock 
either side of the fissure. The heated waters, or moisture, 
of the rocks would slowly fill all cavities. A movement in 
the moisture toward any empty space would take place ; 
and the moisture of the rock around, on reaching the space 
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or fisstiro, woald lose its mineral material by its crystalliza- 
tion against the walls; the place of that which was thus 
lost would be resupplied at once by other portions, with tho 
same result; and thus a constant current would bo kept up 
as long ae the supply held out, or until the cavity or fissure 
were filled. In the filling of veins, the material comes mostly 
from the rock adjoining some part of the fissure. 

However minute the quantity of any material in the 
adjoining rock, even if it be wholly undistinguishable by 
any chemical investigation, the penetrating heated and 
mineralized moisture would find it, and, taking it into solu- 
tion, convey it to the forming vein. Gold, and the material 
of emeralds and other metals and gems, have thus been 
gathered into veins. 

The kind of crystallizations in the fissure would depend 
largely on the heat present and the nature of the rock 
adjoining; and the heat would depend on the depth of the 
fissnre. If the vein reached down to depths of intense 
heat, where cooling would be exceedingly slow, the materials 
would be more coarsely crystallized thau if only to shallow 
depths. 

Metallic ores may often rise in the fissures, in vapors or 
solutions, from depths far below those at which they are 
deposited. 

Some strata, owing to their nature, might afibrd almost 
nothing for tho fissure, and the filling of this part would 
then come f^m the portions above or below. 

8. Simple and banded veins. — Veins filled by this lateral 
inflow of material would sometimes be uniform in texture 
throughout, as in many quartz veins or seams; or they 
might be banded, like most metallic veins (p. 30). In the 
formation of the latter, the infiltrating process might bring 
in for a while one kind of mineral, as feldspar, and deposit 
it over the walls of the fissure ; then, through a modification 
of the temperature, or some other change, quartz; then, an 
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ore of lead, or ooe of zinc, or one of copper; then quartz 
again, or calcite; and so on nntil the veio was filled. 

In these ways argillaceous and talcoae schists have been 
filled with 'quarts veins or seams, the repositories of gold 
and of various ores. (These auriferous quartz veins in 
schists are often ooly the filling of cavities opened between 
the layers, and which are due to the contortions the schists 
underwent during the uplifting, folding, and metamorphic 
process.) By similar methods granitic and various metallic 
veins have been formed in rocks of other kinds. 

Thus the earth's motals have been gathered from rocks, 
in which they were disseminated in such infinitesimal quan- 
tities as to be of no service to art, into generous veins, and 
so placed within reach of the miner. 

V. MOVEMENTS IN THE EARTH'S CRUST, AND 
THEIR CONSEQUENCES. 
The subjects here included are the following : — 

1. Origin of changes of position and level in the earth's 
crust or rocks. 

2. Origin of cleavage and jointed structure in rocks. 

3. Earthquakes. 

4. Origin of the earth's general features, and of the suc- 
cessive phases in its history. 

1. CHANGES IN POSITION AND LEVEL. 

Change of level may proceed from undermining, either by 
subterranean waters (p. 281), or by volcanic ejections (p. 
309). But the results of these causes are comparatively 
local. 

The causes of more comprehensive character, usually ap- 
pealed to in order to explain the origin of the earth's moun- 
tains and its oscillations of level, are the following : — 

1. Vapors suddenly evolved beneath some portion of the earth's 
crust. — This cause has been commonly regarded as of the 
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highest importance, especially with reference to the eleva- 
tion of mountaine. There are two difSculties with regard 
to it. (1.) No open cavities of sufficient extent for the par- 
poae can be proved to exist beneath moantains where such 
vapors could spread and act. (2.) If the explosion were to 
take place, — as, for example, beneath the Andes, — the 
moantains would not stay up on a mere bed of condenaible 
vapors; they are very heavy, and require solid support. 

2. Weight of the aceumulations of sedimentary formations in 
progress over any region, as the Appalachian. — This caase 
might possibly produce subsidence in a region like the 
Appalachians, and some uplifts either side as a secondary 
effect from the lateral pushing which such a subsidence 
might occasion. But, although the suhsidence in the Appa- 
lachian region greatly exceeded the elevations tp. 165) there 
were some elevations alternating with the subsidenceB in 
the course of the Paleozoic ages; and, later, in the progress 
of the formation of the mountains, a series of Sezures on a 
great scale, over the whole breadth of the region, was pro- 
duced in addition to elevations (p. 156) ; and such effects 
cannot proceed firom mere weight or gravitation. 

3. Expansion and contraction from change of temperature. — 
If a portion of the crust, or of its rocks, becomes heated 
from the action of heat below, elevation will result, because 
an increase of heat causes expansion ; and expansion must 
show itself in a rising of the snrfhce. Conversely, if a 
heated region cools, there will be contraction ; and this con- 
traction may cause two effects : (1) a sinking in the surface ; 
(2) a fracturing of the rocks, or shrinkage-cracks. If there 
are no fVactures produced, the whole result will appear in 

' the sinking. 

This cause of change of level acts with extreme slowness. 
The subsidence and elevation of the region of the Temple 
of Serapis, on the coast of Italy jnst north of Naples, have 
been attributed to this caase. 



..cdbyGooylf 



320 DYNAMICAL flEOLOGr. 

4. Tension in the earth's crust resulting from the contraction 
of the globe. — In the remarks on the Appalachian revolutioii 
(p. 160), it was ahown that the effeots proved beyond qaes- 
tion — (1) the action of lateral pressure ; (2) that this lateral 
pressure was exerted in the earth's crnst, and in a direction 
fVom the Atlantic Ocean, or at right angles to the course of 
the mountains; (3) that it was exceedingly slow or gradual 
in action. This slow-acting pressure, as in the third cause 
above explained, is a power residing, through some. cause, 
in the crust itself of the earth. 

The facts observed in the Appalachians are common facts 
all over the globe wherever there are uplifted rocks or 
mountains. Nearly all tilted rocks are actually folded 
rocks. The f exures vary in extent from the slightest arch- 
ing of the strata to bold and lofty close-pressed folds, as 
illustrated ou pages 41, 42. Tbia flexed condition could 
have been produced only by lateral action or pressure, as a 
result of the cause alluded to. This cause has, therefore, 
produced universal effects over the globe. 

The facts in Geology leave little room for doubt that the 
earth was once in fusion, and has been through all time a 
cooling globe. If it has been a cooling globe, it has been 
undergoing contraction, or a gradual diminution of size, 
just aa a globe of gloss or lead will become smaller on slow 
cooling. Now, in the case of a cooling sphere, if an exterior 
hard crust be early formed, the contraction afterwards going 
on within will bring a great strain on this crust, because it 
is unyielding and cannot accommodate itself to the contrac- 
tion in progreaa; and this strain, if the cruat be not thick 
enough to stand firm, will result either in breaking the 
crust and pulling inward some portions and so pressing 
other parts out, or in making the cruet to riae into folds. 
In a drying, and therefore contracting^ apple, the skin 
becomes folded, because flexible. In a drop of glaaa (called 
a Prince Rupert's drop) which has been formed by rapid 
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cooling (the ontBide thereby being first cooled), the Trhole 
IB under powerful tension or strain. The exterior is eo hard, 
of so uniform texture, and of so even surface, that it cannot 
become folded, and yet it remains uohrolien; hut if the 
&intest scratch of a file be made, eo as to disturb the equi- 
librium in the mass, the whole goes to fragments, even with 
axploeion. The scratch of the file takes out particles &om 
the surface, and acts like the taking out of a line of stones 
from a heavily weighted arch ; the destruction is in principle 
the same as in the case of the arch. 

In a cooling sphere like the earth there must have always 
t>een a tension or strain in the crust from this cause; and, 
as the earth is not a glass globe of even textnre and surface, 
the cause should have produced fractures and flexures, 
bulgings and sinkings, over its various parts, and at various 
times in the course of the earth's history; while gentle oscil- 
lations of level in the crust must have been in constant 
progress. ^ 

5. Sufficiencif of the last-mentioned cause. — This cause is a 
sufficient cause for all flexures of strata, because it is indefi- 
nite in power and very slow in its action. A sudden fbrce 
would throw strata into a chaos. But experiment has proved 
that by an exceedingly gradual movement any bed of rock, 
however inflexible, especially if moistened and heated, and 
oven cold ice, may be made to rise into an arch, and then 
into a series of arches or folds, by a slowly acting lateral 

This cause is one that afibrds a firm support for the lifted 
continent or mouDtain-cbain as it rises; for in its action 
one portion of the earth's crnst is pushed up by another, and 
the former, therefore, rests on the mass by means of which 
it was raised. It remains where it is placed by the irresist- 
ible pressing force. 

This cause is sufficient to have made the mountains 
of the globe. Mountains are relatively very small eleva- 
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tions OD the earth's Bor&ce. Etna, although 10,000 feet 
high, would stand up but 0Jie4etUh of an inch on a globa 
110 feet in circumference, or 35 feet in diameter, — as 
large as many a oapacions house ; and one-hundredth of an 
ineh would correepond on such a globe to 1000 feet, which 
is the mean height of all the continente. The wrinkles on 
an orange are proportionally larger than those of the earth 
or her mountains : the earth has relatively the smoother 
surface. 

It is obvious, therefore, that the height or extent of 
mountain -elevations is no difficulty before such a force aa 
that contemplated. Chains as lofty as the Himalayas, 
valleys as deep as the profoundest oceanic basin, flexures as 
numerous and close as those of the Appalachians, Juras, and 
other chains, iiud fractures and faults tbu:isands of feet in 
depth, may all proceed from this one universal and ever- 
acting cause. The changes of level now in progress in 
Sweden, Greenland, and some other northern regions, may 
be duo to its present power. 

6. Change of water-levd may be caused by change of level in 
the bottom of the oceanic basins. — Changes of level are ordi- 
narily measured by reference to the water-level, — that is, the 
level of the ocean. Thus, if a region is 100 feet above the 
ocean in one period and 200 in a following, the first inferenoe 
is that the land has been elevated 100 feet. It is plain, 
however, that this inference is correct only in case the 
bottom of the ocean baa remained unchanged in level. The 
oceanic area is three times as large as that of the continents; 
and, consequently, if the earth's crust beneath the oceana 
were throughout to sink one-third of 200 feet, the water- 
level would sink away iVom the land to a level 200 feet 
below the present level. There is no reason why the oceanic 
part of the crust should not have been as liable to change 
of level by subsidence as that of the land by elevation ; in 
fact, there is strong evidence for believing, as mentioned 
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beyond, that the oceauic basin has always been the more 
sinking portion of the crust, or that most subject to subei- 
dence. It is, therefore, essential for accurate concluslona, in 
casea of apparent elevation, that the possibility of changes 
over the oceana should be considered. It is probable that 
the present average height of the continental lands above 
the ocean, or 1000 feet, is wholly owing to the sinking of 
the ocean's bed which was in progress through the successive 
geological ages. 

2. SLATY CLEAVAGE AND JOINTS. 

1. Slt^ cleavage. — On page 86 it has been stated that tho 
lamination, or slaty cleavage, of the great beds of roofing- 
slate does not, as in shales, conform in direction to the 
original layers or beds, but, on the contrary, is oblique to the 
bedding and sometimes nearly at right angles to it. As 
slates were originally shales, some change has come over 
them in the process of metamorphism, which has almost 
or quite obliterated the original lamination and produced 
another in a new and transverse direction. 

The shales during a metamorphic process are not only 
hardened and rendered, it may be, semi-crystalline, but they 
are also uplifted or folded. This uplifting and folding is a 
result of long-continued lateral pressure, as explained on 
the preceding pages. The slaty cleavage results directly from 
the lateral pressure attending the nplifling and flexing, and 
is at right angles to the direction of the pressure. Tyndall has 
found that even beeswax may be rendered lamellar in 
stmctnre by pressure alone; and if this is possible with a 
substance of so uniform texture as beeswax, there is no 
question about it with regard to clayey rocks. The pressure 
tends to force all lamellar particles, as scales of mica, or 
flattened grains of sand, into parallel planes having the 
direction just stated, and also to flatten out all air-spaces in 
the same direction ; and in these ways the pressure is enabled 
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to prodaco the slaty Btmctare. The same strctctore actnallj 
exists in the ice of many glacierB, aad &om esseotially the 
same cause. 

2. Joints. — Joints in rocks are described on page 35 as 
planes of fracture descending to great depths, and as being 
Bystematically parallel in the same region, and also in great 
nambers. This parallelism is similar to the parallelism in 
the slaty structure, and both have the same origin, — ^the 
lateral pressnre attending movements in the earth's crust. 
Joiuts occur in rocks of any kind, even coarse conglomerateB 
and granites as well a^ sandstones, limestones, elates, and 
shales, and also in rocks that are not inclined or bnt little 
so. White the slaty stmcture is an effect of saccessive 
movements in the actionof pressure, the joints may proceed 
both from snch movements and fW>m a simple yielding to a 
progressing tension or strain. This force, acting from a 
common direction through a long period, prodaces in the 
end a series of deep fractures, parallel in coarse and there- 
fore one in system. Other joints at right angles to this 
system may result simultaneonsly, making a transverse 
system. Or the action of the same force in a later period 
or age, from a differera direction, may canse a system of joints 
oblique to the first. Thns, two or more systems of joints 
may be produced in the rocks of the same region. 

Joints and slaty cleavage are, therefore, effects of the 
great and universal power which has caused the oscUlations, 
uplifts, and flexures in the earth's crust. 

3. EARTHQUAKES. 

1. Nature of earthquake-vibrations. — Earthquakes are vibra- 
tions in the material of the earth's crust. A shock or 
concussion produced by a fracture or movement at any 
point causes vibrations in the rocks, and these vibrations 
travel outward from this point until they finally die out. 
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Tbe vibrations in ice m&de by skaters may be heard for 
miles if the ear be placed close to the ice, because these 
vibrations travel far in a layer of sach material. So it is, 
also, in the earth's rocks, although they are of less even 
texture and surface. 

The vibrations are of different kinds: — (1) a simple 
shaking, without any actual displacement in the rocks; 
(2) a more powerful vibration, where there are both a shaking 
and a displacemoDt, as when a shove, fault, or uplift sud- 
denly takes place ; (3) very rapid vibrations, causing the 
sensation of sound. 

2. Effects of earthgvakea over the land. — Barthquakee are 
well known to result often in the destruction of buildings, 
or even cities; in the opening of profound cracks in the 
ground, in which great numbers of people are sometimes 
ongolfed ; in the displacement of rocks and trees, and start- 
ing of avalanches of gravel and stones down precipices. 

3. Earthquake oceanic waves. — ^An earthquake-vibration, 
when oonuunnicated to the ocean, causes great and powerfhl 
waves, which sometimes travel for thousands of miles. The 
earthquake at Yaldivia on the coast of Chili, in 1837, pro- 
duced a aeries of waves which deluged the eastern shores 
of Hawaii, 6000 miles distant; and an earthquake in 1854, 
at Simoda in Japan, sent waves across the Pacific to Oregon 
and California, which were detected there by the self-regis- 
tering tide-gauges of the Coast Survey. 

Oceanic earthquake- waves, in 1746, swept up the coast of 
Peru, and carried a irigate from the harbor of CalUo several 
miles over the land, besides sinking 23 vessels ; and during 
an earthquake on the coast of Spain, in 1765, the sea rushed 
up the land in a wave 40 feet high in the Tagus and 60 feet 
at Cadiz ; and the same wave was 8 to 10 feet high on the 
coast of Cornwall, England. 

These earthquake- waves have been an agency of great 
power and of very important roeulte in the course of the 
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earth's ancient history, deluging the land, destroying life, 
both of the sea and land, and sweeping away beaches and 
stratified deposits. 

4, Causes of Earthqvakei. — Whatever causes are capable of 
producing changes of level or position in the earth's crast 
may be causes of earthquakes. Thus, the anderminiog of 
strata, the evolution of vapors about volcanoes, tidal or 
other movements in the earth's liquid interior, teneion 
l^om change of temperature, as in local oases, or in the 
earth's slow cooling, must have each produced their earth- 
quakes. The last cause must have been the most common 
and comprehensive, if it is the cause of the larger part of 
the oscillations and uplifts over the earth. It may be the 
cause of the more powerful and extensive earthquakes of 
the present day, since tension within from the progress of 
cooling cannot yet have ceased. The cracking sounds in a 
Btove-pipe as a furnace is rapidly heating or cooling are 
a result of that tension from expansion or contraction which 
accompanies change of temperature; for there is a strain 
produced, and then a yielding with loud sound. They 
exemplify, on a small scale, the lighter kind of earthquakes 
resulting from the earth's secular refrigeration. 

According to Prof. Perrey of Dijon, there is some corre- 
spondence between the occurrence of earthquakes and the 
times of the ocean's tidal movements, and he infers, conse- 
quently, that there are tides in the earth's interior liquid 
corresponding to those of the ocean, making themselves 
manifest in earthquake-vibrations. Further investigation 
appears to be required to establish this as an actual cause 
of earthquakes at the present time. 



1, General laws as to tite Earth's features. 
The first two of the following laws have been stated and 
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explained on pagea 8 to 11. The others are illastrated in 
the course of the volume. It should be anderstood that the 
border region of a continent inclades the ridges of the border 
monntainB and the country which lies between them and 
the adjoining seacoast. Thus, the western border region 
of North America is that lying between the sommitB of the 
Bocky Hountains and the Pacific coast, an area 300 to 800 
milea wide ; and the eastern is that extending from the 
western ridges of the Appalachians to the Atlantic, an area 
200 to 800 miles in width. 

(1.) The continents have in general high borders and a 
low interior, and are, therefore, basin-shaped. 

(2.) The highest border faces the largest ocean. 

(3.) The effects of heat after Azoic time are more marked 
along the border regions of the continents than over their 
interior. It is sufficient, in illustration of this law, to 
refer to the fact that nearly all the metamorphism of North 
American rocks, after that of Azoic time, took place either 
in the Atlantic or the Pacific border regions ; and that the 
volcanoes of this and the other continents, with a r^re 
exception, are confined, and have always been confined, to 
the border regions of those continents, and are absent from 
the interior regions. One exception exists in central Afiia, 
in the Thian-Cban Mountains. The volcanoes of Europe 
and western Asia pertain to the region bordering on the 
Mediterranean and Red Sea. 

(4.) The effects of heat are Tnost marked on the border 
region adjoining the largest ocean. This law is also exem- 
plified on all the continents. The great ocean — the Pacific 
— has a girt of volcanoes, as stated on page 300; the small 
Atlantic, almost none. In Korth America a large number 
of volcanoes, ft^m 10,000 to 18,000 feet in height, exist in the 
western border region, but not one east of the summit of 
the Eocky Mountains ; metamorpbio rooks, and those 
igneous rocks that have been ejected through fisBores, are 
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almost the eole effects of igneous action found in the At- 
lantic border region. 

In South America there are simiiar facts : the volcanoes 
of the Pacific border region are very numerous, and vary 
from 25,000 feet in height to 10,000 and under. On the 
Atlantic side there are none. In Africa there is a email 
volcanic region on the coast adjoining the Gnlf of Guinea, 
in the Cameroons Mountains ; but a number of large volca- 
noes exist in eastern Africa through Abyssinia and the Red 
Sea. 

In the great Orient there are hundreds of volcanoes on 
the Pacific side, in the outer range of heights constituting 
the islands off the coast, as the Philippines, Japan, the 
Kuriles, etc., and in Eamtchatka; but none on the coast of 
Norway, and only a few small regions in Europe, and these, 
as has been said, are connected with tbe Mediterranean 
region. 

(5.) The transverse mediterranean seas of the world abound 
in volcanoes. — The East Indies between Australia and Asia, 
the Bed and Mediterranean seas between Africa and Burop«, 
the West Indies, as well as Central America, between North 
and South America, are notedly volcanic areas. The volca- 
noes of the Mediterranean region occur in Spain, France, 
Germany, Italy, Greece, Syria, and Armenia. 

2. Ori<fin of the Earth's Features, and Phases of Progress. 

1. The cause universal in action. — The conformity of the 
continents in their reliefs to one model (p. 9) proves some 
common method of formation ; and, as the continents occupy 
one-third of the earth's surface, this method of formation 
must have been dependent on some world-wide cause. 

Since, moreover, the forms of the continents have a 
direct relation to the extent of the ocean (a relation so close 
that there is almost an exact proportion between the eleva- 
tion of the border region of the continents and the capacity 
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of the adjoining ocean), both must have resulted from the 
same nniversal method of development. 

2. Continents and oceans otitlined in the beginning. — The 
making of the contineDts aocordiDg to a model implies a 
regular or systematic courae of progress throughout the 
earth's history. If the ocean and continents had at times 
changed places (if Asia, for example, had ever been the area 
of the deep ocean, and the bed of the Pacific the dry land 
of a continent, and thus oceans and continents had alter- 
nated with one another), the comprehensive relation between 
the extent of the oceans and the heights of the continental 
borders would have been impossible. Direct observation 
bas proved, moreover, that the continent of North America 
wafi in actual existence, and of nearly or quite its present 
extent, by the close of the Azoic age, if not before (p. S4); 
that, although mostly submerged, it lay in the Primordial 
period near the surface, port constituting the Azoic dry 
Iftnd, part rising as sand-banks, beaches, and dunes above 
the tides, a large part in shallow waters within reach of 
the waves, while other portions were at somewhat greater 
depths. 

The above proposition is proved also by the whole course 
of geological progress, the great fact in which is that the 
elevating and oscillating forces which were in action in 
Azoic times continued to be, for tho most part, the same in 
direction through all subsequent time to the close of the 
Tertiary. (See pages 77, 146, 245). 

The law of form, the law of progress, and the law of rela- 
tion to the oceans, each and all afford decisive proof, there- 
fore, that the continents were fixed in their positions in 
the beginning, and determined at the same time, also, in 
their main outline; and, if the outlines of the continents 
were fixed, those of the oceans were so also, since they are 
one and the same. 

3. Oneness of the cause. — One cause acting continuously 
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&om the beginning of the earth's omst to the end of geolo- 
gical history has, therefore, originated bj conourreot move- 
ments the oceanic baeiD and the continental plateaus. This 
cause has not merely raised the continental areas and sunk 
the oceanic. It has made their mountains and their plains. 
It has eTol7ed, not isolated or scattered heights, but heights 
in rangi^ and chains, and placed them with so much system 
over the surface that a continent has as truly its type of 
form as an animal. In each case there is the same evidence 
of a system of evolution or development, starting from a 
condition of memberless simplicity, and ending in a complex 
structure in which every part has harmonious rel'orence to 
a specific purpose. 

4. Nature and mode of action of the cavse. — In explaining 
the origin of mountains, the complete efficiency and uni~ 
versality of one great cause was pointed out. This cause — 
contraction from cooling — appears to have all the require- 
ments, as far as they can reside in any physical cause, that 
are necessary for the grander result here in view, — the 
development of the earth's physical features. It has acted 
uninterruptedly through all time. It must have acted 
with simultaneous and accordant results throughout the 
whole crust, oceanic and continental. But, while every- 
where in simultaneous and systematic movement, there 
have been produced a diversity of effects, and a diversity 
under system. 

In a cooling globe, the part which earliest became cold 
and rigid would not atlerwards yield, under the influence 
of the progressing contraction, as readily as the rest, and 
would therefore remain comparatively firm while the other 
part was gradually subsiding. There might hence be from 
the first a firmer or more stable portion, and a sinking or 
depressed portion; and thus would begin the continental 
and the oceanic areas. The waters of such a globe would be 
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deepest in the depressed portion, if Bot wholly contaioed 
within it. 

If, then, the oceanic portions of the crust were the great 
contracting areas, and the continental plateaus the parts 
comparatively stable, or those contracting least, the sinking 
of the crust of the former would bring the greatest strain 
against the borders of the rigid portion, that is, the borders 
of the continental plateaus. Here, therefore, the lateral press- 
ure or pushing action would, show its greatest effects 
(1) in apliftings of the crust ; (2) in foldings and fractures 

(3) in metamorphism through escaping internal heat 

(4) in igneous ejections through fissures and volcanic vents. 
The continents subjected to such a force would have their 
border regions elevated thereby, and would thus receive 
that basin-like shape which characterizes them. Moreover, 
as the deepest and largest oceanic basin is a result of the 
greatest amount of contraction over the largest area, the 
mountains on the border of the largest ocean wonid be 
highest, the fractures deepest, and the volcanoes, since they 
are opened over deep fractures, most numerous, as have 
been shown to he true (pp. (10, 300). 

The cause considered may also produce mountains over 
the interior of a continent, as it does minor uplifts, and 
especially so if the continent be of great breadth. For con- 
traction must have been ever in progress beneath the con- 
tinental plateaus, as well as the oceanic basin. It is hence 
natural that the great Orient, 6000 miles in width from 
Britain to Japan, should have its Urals as a nearly north 
and south chain between Europe and Asia, 

The facts and the theory seem thus to be in unison. 
There can be no doubt that plications, fractures, and monn- 
tain-lifting have resulted through tension or lateral pressure 
in the crust from some cause. !No cause of such tension 
has been pointed out but that of gradual contraction 
through the cooling of the earth. The cause would give 
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flyatematic resnltB; it would produce general unifortoity of 
action and progresa through sueceBsive ages ; and it would 
lead to that family likeness which subBists between the 
continents, while admitting aluo of those diversities which 
distinguish them. 

5. Catastrophes and revolutions, or abrupt transitions in his- 
tory. — A cause producing the oscillations of the earth's crust 
and the eleration of mountains would also occasion catas- 
trophes to the life of the globe, and abrupt transitions in 
the series of strata. 

If the raising of a continent &om the ocean, or of a large 
portion of it, were to take place under the action of such, a 
cause, an extinction of marine life would be a necessary 
consequence; or, if a sinking of a continent beneath the 
waves should occur, an extinction of terrestrial life would 
result. Changing simply the depth of the water might also 
cause extinctions, since the oceanic species living between 
high and low tide level (or in the littoral zone, as it is called) 
are mostly different from those below; and those living 
between low-wator and 90 feet (or in the Zaiainarian zone) 
are almost all different from those of greater depths. 

These oscillations might cause the extinction of life, also, 
by changing the climate of the globe, as explained on page 
256. 

Moreover, all changes of level, causing submergence or 
emergence of the land, or even varying the depth of water, 
would change more or less the courses of currents in the seas 
and the region of wave-action, and would consequently 
change the Icinds of rocks in progress, as from sand-beds to 
shales, or to conglomerate, and the reverse. Again, an 
extermination of the animal life (corals, crinoids, &c.) of a 
continental sea by any oscillation or other cause would stop 
the formation of limestones ; and the eztermination (as by 
submergence) of the plants of the land would cut short the 
coal-plant accumulation, to be resumed again only when 
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the land ehonld be anew in a condition to grow the terres- 
trial vegetation of marahes. 

Under euch a cause, there would be, at long intervals, 
epochs of grander catastrophes, resulting in metamorphiBm, 
in great fractures and foldings, and in the raising of moun- 
tains. The tension arising from contraction in soch a crust 
would go on accumulating for long periods before it would 
be sufficient to overcome the resistance and cause great 
disturbances; and when a yielding finally took place, then 
the grander scries of catastrophes would happen. There 
was one grand epoch of general metamorphism and folding 
at or near the close of the Azoic. Through the Paleozoic 
there were various oaciliations of level, and, at a few times, 
- disturbances and uplifts, with probably some metamorphism 
(as in the Green Mountains after the Lower Silurian) ; but 
no general epoch of change occurred in eastern North 
America or over the world until the close of the Paleozoic, 
when the Appalachian revolution took place. 

After this epoch of the Appalachian revolution, there 
were, through Hcsozoic time, changes of level or uplifts of 
limited extent; but not until the Cretaceous period was 
drawing to its close did another grand epoch begin, — the 
one in which the life of the Cretaceous world ended, and 
the great mountains of the continents were mostly made 
(p. 202). 

3. Illustrations from North America. 
1. Simplicity of action in North America. — The continent 
of North America stands isolated from all others, having an 
ocean on the east, an ocean on the west, the small Arctic 
sea on the north, and the Pacific with partly the Atlantic — 
not South America — on the south. It is, therefore, in the 
best possible condition for exemplifying the law of origin of 
the continental features. For if the extent of the oceans is 
an approximate measure of the elevating forces engaged. 
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this open oxpoBuro to the ocean on all its sides should give 
the forces their best opportunity for undisturbed or regular 
resnlte. 

Europe, on the contrary, lies between oceans and conti- 
nents, and is, therefore, complex in its rocks and mountains. 

2. Method of action, and its progress. — The two systems of 
forces engaged iu the progress of North America wore those 
of the Atlantic and Pacific, the latter the greatest. Under 
their action the V-shaped Azoic dry land (map. page 73) 
was first defined, one branch stretching northeastward to 
Labrador and the other northwestward to the Arctic, and 
thus facing respectively the Atlantic and Pacific. It fol- 
lows, from the courses of the arms of the V, that the 
Atlantic force acted mainly from the southeastward and 
the Pacific from the Bouth west ward, and the two, therefore, 
nearly at right angles to one another. It is also apparent 
that the Pacific force even then was the greater, and hence 
the Pacific Ocean the larger; for the northwestward branch 
of the V is far the longer. 

Thus the Azoic nucleus was outlined, and the portion of 
Hudson's Bay determined within the arms of the V. From 
this nucleal dry land, progress went forward southeastward 
or toward the Atlantic, and southwestward or toward the 
Pacific, successive formations being added under gentle 
oscillations, and the dry land gradually extending under 
changes of level caused mainly by the same forces. Then, 
when Paleozoic time was closing, appeared the Ap|)alachian 
chain and its many ridges parallel to the eastern branch of 
the Azoic heights, and along the Rocky chain parallel to the 
western branch ; thus doubling the V, and proving that the 
forces were still the same in direction as in Azoic time. 
The Appalachian chain follows in ilH direction quite closely 
the Azoic coast-line; for the Green Mountain portion ex- 
tends north and south, like the border of the Azoic penin- 
sula in northern New York, and then the New Jersey and 
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Pennsylvania portions bend around nearly to the oast and 
west, or parallel with the southern border of the Now York 
Azoic South of this the chain takes again its normal 
direction, or from northeast to southwest. Later still, rose 
the trap ridges of the Mesozoic on the Atlantic border 
(p. 000), making another parallel to the eastern branch, or 
tripling the V on the oaat, and oven repeating all the 
Appalachian henda just ihentioned. 

Again, on the Pacific side, other ranges were made parallel 
to the course of the Rocky Mountain chain ; among them, 
the Sien-a Nevada and Cascade range, the latter, with its 
many volcanoes, adding new parallels to the western branch 
of the Azoic, The mass of the Rocky Mountains also rose 
to its full height above the ocean. 

Each added range, as is seen, proves that the mountain- 
making forces continued to act ft-om the same directions as 
in Azoic time. 

The intersection of effects of the Atlantic and Pacific 
forces may he dislingniahed over the interior of North 
America ; for the courses of the uplifts of the Coal formation 
in Illinois and the trend of Florida are parallel to the Pacific 
border, and the line between these two intersects the Appa- 
lachian chain in eastern Tennessee. Again, there is an 
uplift of the Lower Silurian about Cincinnati, which appears 
to have been produced by the combined action of the two 
tbrces ; and it is of interest to note that the Pacific and 
Atlantic forces hero meet at a point which is four times 
more distant from the coast of the Pacific or larger ocean 
than it ia from that of the Atlantic or smaller ocean. 

Thus the continent made progress, adding layer after 
layer to the rocks over its surface, and range after range 
in parallel lines to its heights, until finally the continental 
area reached its limit, and the great interior basin' had 
its mountain -borders completed :— on the east, the low Appa- 
lachians, and the trap ridges of the Hesozoic; on the west. 
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thfl maasive and lofty Rocky chain, with its parallel crests 
and ridges, and nearer the ocean a chain containing, north 
of California (in the part called the Cascade range), a nam- 
ber of lofty volcanic peaks, and to the south (Sierra Ne- 
vada) consisting mostly of metamorphic rocks. 

It has been explained on page 234 that, when thus com- 
pleted, there occurred an apparent change in the region 
moved by the forces. The high-latitude oscillations of the 
Post- tertiary began (p. 219). But the Pacific and Atlantic 
forces may have occasioned these new movements. For if, 
in the course of the changes though the geological ages, the 
portions of the continental crust in lower latitudes, thick- 
ened fay the anccessive formations, and stiffened by moun- 
tain-chains and metamorphism, had become leas yielding 
than those of higher latitudes, the pressure from contraction 
would have produced its oscillations in the latter rather 
than the former. 

Thus, the evolution of the features of the surface, even to 
the terraces made along the river-valleys, as the era of Man 
opened, may have taken place through one system of forces 
originating in one single cause, — the earth's contraction from 
cooling. 

CONCLUDING REMARKS. 

Geology may seem to be audacious in its attempts to nn- 
veil the mysteries of creation. Tet what it reveals are 
only some of the methods by which the Creator has per- 
formed his will ; and many deeper mysteries it leaves un- 
touched. 

It brings to view a perfect and harmonious system of life, 
but affords no explanation of the origin of life, or of its 
species, or of any of nature's forces. 

It accounts for the forms of continents ; but it tells nothing 
a* to the source of that urraugcment of the wide and nar- 
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row Gontinenta and wide and narrow oceans that was neces- 
sary to the grand result (p. 11). 

It teaches that strata were made in many sacceasions a« 
the continents lay balancing near the water's level, somOr 
times jnst above the surface, sometimes a little below ; but 
it does not explain how it happened that the amount of 
water was of exactly the right quantity to fill the great 
basin, and admit of oscillations of the land beneath or above 
its surface by only stiiall changes of level ; for if the water 
had been a tew hundred feet below the level it now has, 
the continents would have remained mostly without their 
marine strata, and the plan of progress would have proved 
a failure; or if as much above its present level, the laud 
through the earlier ages would have been sunk to depths 
comparatively lifeless, with no less fatal results both to 
the series of rocks and the system of marine and terrestrial 
life; and in the end there would have been broad and 
narrow strips of dry land and archipelagos, in place of the 
expanded Orient and Occident. 

It may be said to have searched out the mode of develop- 
ment of a world. Yet it can point to no physical cause of 
that prophecy of Man which runs through the whole his- 
tory ; which was uttered by the winds and waves at their 
work over the Bands, by the rocks in each movement of the 
earth's crnst, and by every living thing in the long succes- 
sion, until Man appeared to make the mysterious announce- 
ments intelligible. For the body of Man was not made 
more completely for the service of the soul, than the earth, 
in all its arrangements from beginning to end, for the spi- 
ritual being that was to occupy it. In Man, the bones are 
not merely the jointed framework of an animal, but a frame- 
work shaped throughout with reference to that erect struc- 
ture which befits and can beat servo Man's spiritual nature. 
The feet are not the clasping and climbing feet of a mon- 
key; they are so made as to give firmness to the tread and 
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dignity to the bearing of the being made in Grod'a image. 
The faandB have that iashioning of the palm, fingers, and 
thnmb, and that delicacy of the senae of touch, which adapt 
them not only to feed the mouth, but to contribute to the 
wanta of the sool and obey its promptings. The arme are 
not for strength alone, — for they are weaker than in many a 
bnite, — but to give the greater power and espresaioo to the 
thoughts that ieaue fi-om within. The face, with its express- 
ive features, is formed ao as to respond not solely to the 
emotions of pleasure and pain, but to shades of sentiment 
and interacting sympathiee the most varied, high aa heaven 
and low as earth, — aye, lower, in debased human nature. 
And the whole being, body, limbs, and head, with eyes look- 
ing not towards the earth, but beyond an Infinite horizon, 
is a majestic expression of the divine feature in Man, and of 
the infinitude of his aspirations. 

So with the earth, Man's world-body. Its rocks were so 
arranged, in their formation, that they should best serve 
Man's purposes. The strata were subjected to metamor- 
phism, and so crystallized, that he might be provided with 
the most perfect material for his art, — his statues, temples, 
and dwellings ; at the same time, they were filled with veimi, 
in order to supply him with gold and silver and other trea- 
sures. The rocks were also made to enclose abundant beds 
of coal and iron ore, that Man might have fuel for his 
hearths and iron for his ntensils and machinery. Moun- 
tains were raised to temper hot climates, to diversify the 
earth's productiveness, and, pre-eminently, to gather the 
clouds into river-channels, thence to moisten the fields for 
agricnltnre, afford facilities for travel, and supply the world 
with springs and fountains. 

The continents were clustered mostly in one hemisphere 
to bring the nations into closer union; and the two having 
climates and resources tho best for human progress — tbo 
northern Orient and Occident — were separated by a narrow 



D,q,i,.cdbvGooyk" 



CONCLUSION. g39 

oceaii, that the great mountains might be on the remoter 
borders of each, and all the declivities, plains, and rivers be 
turned towards one common channel of intercourse. So, 
also, the species of life, both of plants and animals, were 
appointed to administer to Man's necessities, moral as well 
aa physical. 

Besides these beneficent provisions, the forces and laws 
of nature were particularly adapted to Man, and Man to 
those laws, so that he should be able to take the oceans, 
rivers, and winds into his service, and even the more subtle 
agencies, heat, light, and electricity; and the adjustments 
were made with such precision that the face of the earth ia 
actually fitted hardly less than his own to respond to hia 
inner being : — the mountains to his sense of the sublime, 
the landscape, with its slopes, its trees, its flowers, to hia 
love of the beautiful, and the thousands of living species, 
in their diversity, to his various emotions and sentiments. 
The whole world, indeed, seems to have been made almost 
a material manifestation, in multitudinous forms, of the ele- 
ments of his own spiritual nature, that it might thereby give 
wings to the soul in its heavenward aspirings. It may 
therefore he said with truth that Man's spirit was con- 
sidered in the ordering of the earth's structure as well as in 
that of his own body. 

It is hence obvious that the earth's history, which it is 
the object of Greology to teach, is the true introduction to 
human history. 

It is also certain that science, whatever it may accom- 
plish in the discovery of causes or methods of progress, can 
take no steps towards setting aside a Creator. Far from 
such a result, it clearly proves that there has been not only 
an omnipotent hand to create, and to sustain physical forces 
in action, but an all-wise and beneficent Spirit to shape all 
events towards a spiritual end. 

Man may well feel exalted to find that he was the final 
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purpose when the word went forth in the be^nning, Lkt 
LioBT BE. And he may thence derive direct personal assu- 
rance that all this magnificent preparation is yet to have a 
higher fulfilment in a fatare of spiritual life. This assu- 
rance from nature may seem feeble. Tet it is at least suffi- 
cient to strengthen &ith in that Book of books in which the 
promise of that life and " the way" are plainly set forth. 
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A. — Catalogns of Amerioaa LooalitiM of Pouils. 
The following catalogue of American localities of fossils contains 
ontf some of the more important, and is intended for the conve- 
Dience especially of the etudeut-coUector. 

LocALiTiBS or FoasiLS. 

PotidaiH tandsione. — Swanton, Vt. ; Braintree, Mass.; Ee«8eville 
(at "High Bridge"), Alexandria, N.Y. ; Chique* Ridge, Pa. ; Falls 
of St. Croix, Osceola Mills, Trempaleau, Wisconsin ; Lansing, Iowa ; 
St. Ann's, Isle Feirot, C.W. ; near Beauharnois on Lake St. Louis, 
C.E. 

Caleifermi. — Point Lgvia, Hingan Islands, Philipsburg, and near 
Beauharnois, C.K ; Grand Trunk Railway between Brockville and 
Freaoott, St. Ann's, Isle Perrot, C.W. ; Amsterdam, Port Plain, 
Caniyoharie. Chazy, Lafargeville, Ogdensburgh, N.Y. 

Chcay linuttone.—Cbazj, Galway, Westport, N.Y, ; Island of Mon- 
treal, C.K, (1 to 3 miles north of "the Mountain.") 

BiriCi-eye l\!a€tt<me. — Amsterdam, Little Falls, Fort Plain, Adams, 
Watertown, N.Y. 

Black Jfiiwr /inw*ton«.— Watertown, N.Y. ; Ottawa, C.W. j Island 
of Montreal, and near Quebec, C.E. 

Trenton fimeWDM.— Adams, Watertown, Boonville, Turin, Jackson- 
burgh, Little Falls, Lowville, Middleyille, Fort Plain, Trenton 
Falls, N.Y.; Pine Grove. Aaronsborg, Potter's Fort, Milligan's 
Cove, Pa. ; Highgate Springs, Vt. ; Montmorency Falls and Beau- 
port Quarries near Quebec, Island of Montreal (quarries N. of the 
city), C.E. ; Ottawa, Belleville, Trenton (G. T. R. E., W. of Kings- 
ton). C.W.; Copper Bay. Mich.; Elkader Mills, Turkey River, 
Dubuque, Iowa ; Falls of St. Anthony, St. Paul, Mineral Point. 
Cassville, Beloit, Quimby'a Mills near Benton, Wis.; Warren, 
Illinois. 
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Utiea tlaU. — Turin, Martin sburgh, Lorraine, Worth, Utica, Cold 
Spring, Ostungo and Osqtiago Creeks near Fort Plain, Mohawk. 
Rouse's Point, N.Y. ; Kideau Eirer along E. E. at Ottawa, bed of 
rivar two miles above, C.W. 

Hudson River group. — Pulaski, Home, Lorraine, and Boonville, 
N.Y. ; Peon's Valley, Milligan's Cove, Pa. ; Oxford, Cincinnati, O. ; 
Madison, Ind. ; Anticosti, opposite Three Rivers, C.E. ; Weston on 
the Humber River, nine miles W. of Toronto, C.W. ; Little Mako- 
queta River, Iowa-, Savannah, Green Bay, Wis.; Scales Mound, 
111. ; l>rummond'B Island, Mich. 

Medina sanditone. — Lockport, Lewiston, Medina, Rochester, N.Y, ; 
Long Narrows below Lewistown, Pa. 

CfinWn ymu/).— Lewiston, Lockport, Eeynolds' Basin, Brockport, 
Rochester, Woloott, New Hartford, N.Y. ; Thorold on Welland 
Canal, Hamilton, Ancaster, C.W. 

Niagara. — Lewiston, Lockport, Rochester, Wolcott, N.Y.; Tho- 
rold, Hamilton, Ancaeter, C.W. ; Anticosti, C.E. ; Arisaig, Nova 
Scotia ; Racine, Waukesha, Wis. ; Marblehead on Drummond's 
Island, Michigan, {Coralline Hmestone. — Schoharie, N.Y.) 

Onimdaga Salt ffrouy.— Buffalo, WilliamBville, Waterrille, Jeru- 
salem HiU (Herkimer co.), N.Y. 

Leetaire limeilone. — Leelaire, 111. 

" Gait" or "Gv^lph" formation.— QaW., Guelph (O. T. R. R.), C.W. 

Lower Helderberg limeslones. — Dry Hill, Jerusalem Hill (Herkimer 
CO.), Sharon, East CobleskUl, Judd's Falls, Cherry Valley, Carlisle, 
Schoharie, Clarksvilla, Athens, N.Y.; Gaspe, C.E. 

Oritkany Mniisfene.— Oriskany, Vienna, Carlisle, Schoharie, Cats- 
kill Mountains, N.Y. ; Cumberland, Md. ; Moorestown and Franks- 
town, Pa. 

Caada-Oalli {?ri(.— Schoharie (Fucoides Caudarflalli), N.Y. 

Scheharie ffri/.— Schoharie, Cherry Valley, N.Y. 

Upper Hdderherg limestones. — ^Blaok Rock, Buffalo, Williamsville, 
Lancaster, Clarence Hollow, Stafford, Le Roy, Caledonia, Mendon, 
Auburn, Onondaga, Cassville, Babcock's HiU, Schoharie, Cherry 
Valley, Clarksville, N.Y. ; Port Colborne, and near Cayuga, C.W. ; 
Columbus, Delaware, Sandusky, 0. ; Mackinac, Little TraTcrse Bay, 
Dundee, Monguagon, Mich. 

Marcellus shales. — Lake Erie shore, ten miles S. of Buifalo, Lancas- 
ter, Alden, Avon, Leroy, Marcellus, Manlius, Cherry Valley, N.Y. 
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Hamillon group. — Lake Erie shore. Eighteen Mile Creek, Ham- 
burgh, Alden, Darien, York, Mobcow, Bloomfield, Bristol, Seneca 
Lake, Cayuga Lake, and Skaneatel&<< Lake, Fompey, Cozenovia, 
Delphi, Bridgewater, Richland, Cherry Valley, Seward, WeBtforH. 
MilfoKl, Portlandvilie. N.Y. ; Widden Station (G. T. R. E.), near 
Port Samia, C.W.; New Buffalo, Independence, Iowa; Rock 
Island, 111.; Thunder Bay, Little Traverse Bay, Mich.; Nictaux. 
Bear River, Moose River, Nova Scotia. 

Genaee ilale. — Banke of Seneca and Cayuga Lakes, Lodi Falls, 
Mount Morris, two miles S. of Big Stream Point, Yates co,, N.Y. 

Portage grovp. — Eighteen Mile Creek, Lake Erie shore, Chautau- 
qua Lake, Oenesee River at Portage, Flint Creek, Cashaqua Creek, 
Nunda, Seneca and Cayuga Lakes, N.Y. 

Chemung group. — Bockville, Philipsburgb, Jasper, Greene, Che- 
mung Narrows, Troopsville, Elmira, Ithaca, Waverly, Hector, En- 
field, N.Y. ; Ottsp«, O.E. 

CatskUlgroup. — Fossils rare. — Richmond's quarry above Mt. Upton 
on the Unadilla, Oneonta. Oxford, Steuben co. south of the Canis- 
teo, N.Y,; BlOGsburg, Pa.; Pompton, Old Boonton, Pluckamin, 
N.J. 

Sahearboniferous. — Burlington, Keokuk, Iowa; Quincy, Warsaw. 
Alton, Kaekaskja, Chester, 111. ; Bloomington, Spergen Hill, Ind. ; 
Hannibal, St. Genevieve, St. Louis, Mo. ; Willow Creek, Battle 
Creek, Holland, Grand Bapids, Mich. ; Mauch Chunk, Pa. ; Bed 
Sulphur Springs, Pittsburg Landing, Tenn. ; Big Bear and Little 
Bear Creeks, Big Crippled Deer Creek, Miss. ; Clarksville. Hunts- 
ville, Ala.; Windsor, Horton, Nova Scotia. 

QrrboniferiMt. — South Joggins, Pictou, Sydney, Nova Scotia ; 
Wilkesbarre, Shamokin, Tamaqua, Pottsville, Minersville, Tremont. 
Greensburg, Carbondale, Port Carbon, Lehigh, Trevorton, Johns- 
town, Pittsburg, Pa. ; Pomeroy, Marietta, Zanesville, Cuyahoga 
Falls, Athens, Ohio ; Charlestown, Clarksburg, Kanawha Sahnee. 
Wheeling, Va. ; Saline Company's mines, GalUtin co., Terre Haute. 
Morris, Springfield, 111. : Bell's, Casey's, and Union Mines, Critten- 
den CO. ; Hawesville and Lewisport, Hancock co. ; Breckinridge. 
Giger's Hill, Mulford'a Mines, and Thompson's Mine, Union co. ; 
Providence and Madisonville, Hopkins co.; Bonharbour, Daviess 
CO., Ky.: Muscatine, Alpine Dam, Iowa; Leavenworth, Indian 
Cr*ek, Grasshopper Creek, Juniata, Manbatttin. Kansnx. 
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TVMMte.— Southbury, Hiddlefield, Portland, Conn.; Turner's 
Falls, Sunderland, Mass. ; FhcenlxTitle, Pa. ; Richmond, Va. ; 
Deep BWer and Dan EiTer coal-fields, N.C. 

Oretaeeatu. — Upper Freehold, Middletown, Marlboro', Blue Ball, 
Deal, Squankum, Shark River, Monmouth co. ; Femberton, Vin- 
ceoton, Burlington co. ; Black wood tonn. Camden co. ; Mnllica Hill, 
Gloucester co. ; Woodstown, Mannington, Salem co. ; New £gypt. 
Ocean co., N.J. : Warren's Mill, Itawamba co. ; Tishomingo Creek, 
B. R. outs, Hare's Mill, Carrollsville, Tishomingo co. ; Plymouth 
Bluff, Lowndes co. ; Chawalla Station [U. & C. R. R.), Ripley, Tip- 
pah CO. ; Noxubee, Mocou, Nozuhee co. j Kemper, Pontotoc and 
Chickasaw counties. Miss. ; Tuscaloosa, Ala. : Fox Hills, Sage 
Creek, Long Lake, Great Bend, Cheyenne River, etc, Nebraska. 

JEoceiu. — Everywhere in Tippah co. : Yocltcney River, New 
Prospect F. O., Winston co. ; Marion, Lauderdale co. ; Enterprise, 
Clarke co. ; Jackson ; Satartia, Yazoo co. ; Homewood, Scott co, ; 
Chickasawhay River, Clarke co. ; Winchester, Red Bluff Station, 
Wayne co. ; Vicksburg, Amsterdam, Brownsville, Warren co.; 
Brandon, Byram Station, Rankin co. ; Paulding, Jasper co.. Miss. : 
Claiborne, Monroe co. ; St, Stephen's, Washington co., Ala. : CharloS' 
ton, S.C. ; Tampa Bay, Florida ; Fort Washington, Fort Marlbo- 
rough, Piscataway, Md. ; Karlboume, Va. ; Brandon, ¥t. ; Cailada 
de Us Uvas, Cal. - 

Mioeene, — Gay Head, Martha's Vineyard, Mass. ; Shiloh, Jericho, 
Cumberland co., N.J. ; St. Mary's, Eaaton, Md. ; Yorktown, Suffolk, 
Smithfield, Richmond, Petersburg, Va. ; Astoria, Willamette River, 
Oregon ; San Pablo Bay, Ocoya Creek, San Biego, Monterey, San 
Joaquin and Tulare Valleys, Cal. ; White RivcT, Upper Missouri 
Region. 

Plioeene.—Aablaj and Santee Rivers, 8.C. ; Platte and Niobrara 
Rivers, Upper Missouri. 

B.— Geolo^oal Implomenta, Speoimena, etc. 

1. Implementl. — The student requires for his geological excur- 
sions and research the following implements : — 

(I.) A hammer of the form in fig. 3T3. The face should be flat, 
and nearly square, with its edges sharp instead of rounded. Th« 
socket for the handle nbould be targe, that the handle may ba 
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atrong. The hammer, for ordinary excursions, should weigh Ij 
pounds exclusive of the handle ; the handle should be about 12 
inches long. Another is required for trimming specimens, weigh- 
ing half a pound. 



Fig. 373. 



T 



Fig. 374. 



~~N 



(2.) A hoMmer in the form of a small pick, like fig. 374, for pick- 
ing open the layers of slaty rocks, etc. It should be 7 or S inches 
long, and terminate above in a chisel-like edge transverse to the 
handle. The length of handle may be 13 or 14 inches. 

(3.) A stetl ckiiel, 6 inches long, 1 inch wide at top, and tapering 
to a narrow edge, or wedge-shaped. Also, another half of these 
dimensions. 

(4.) A elinomeler, with magnetic needle attached. See page 40. The 
best kind is a pocket instrument in the form of a watch, about 2} 
inches in diameter. 

(5.) A tnutll magnet. A magnetized blade of a pocket-knife is a 
good substitute. 

(6.) A meamring-tape 50 feet long. The field geologist should 
know accurately the measurements of his own body, his height, 
length of limbs, step or pace, that he may use himself, whenever 
needed, as a measuring-rod. 

(7.) In many cases, a pick, a crtna-bar, a tledgerhammer of 4 to 8 
pounds' weight, and the means of blasting, are necessary. 

(8.) A tlnmg taek-eoal, with very large and stoutly made side- 
pockets. 

(9,) Besides the above, a barometer and suTveyor'a instnanents are 
occasionally required. Of the latter, a handsel is a very desirable 
instrument for determining small elevations by levelling. It is a 
simple brass tube, with cross-hairs, bubble and mirror. 
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i. SpMifflWS. — Specimens for illustrating the kinds of rocks 
should be carefully trimmed b; chipping to a uniform size, pre- 
viously determined upon : 3 inches by 4 scroM, and 1 inch through, 
is the size commonly adopted. In the beat collections of rocks, the 
anglee are squared and the edges made straight with great preci- 
sion. They should have a fresh surface of fracture, with no bruises 
by the hammer. It is often well to leave one side in its natural 
weathered state, to show the effects of weathering. 

Specimens of fossils will, of course, vary in size with the nature of 
the fossil. When possible, tho fossil should be separated from the 
rock ; but this must be done with precaution, lest it be broken in 
the process, and should not be Bttempt«d unless the chances are 
strongly in favor of securing the specimen entire. The skilful use 
of a smalt chisel and hammer will often expose to view nearly all 
of a fossil when it is not best wholly to detach it. When the fossils 
in a limestone iire silioified {a, fact easily proved by their scratching 
glass readily and their undergoing no change in heated acid), they 
ittuy bo cleaned by putting Ihem into an acid, and also applying 
heat very gently, if effen-p^cenoe does not take place without it. 
The bedt acid i^ chlorohydric (muriatic) diluted one-half with 

Collections both of i-ocks and fossils should always be made from 
rucks in place, and not irom stray boulders of uncertain locality. 

3. P a Hiring — For packing, each specimen should be enveloped 
separately in two or three thicknesses of strong wrapping-paper. 
This is best done by cutting the paper of such a size that when 
folded around the specimen the ends will project two inches (more 
or less, according to the size of the specimen) ; after folding the 
paper around it, turn in the projecting ends (as the end of the 
finger of a glove may be turned in), and the envelop will need no 
other securing. Pack in a strong box, pressing each specimen, 
utter thus enveloping it, firmly into its place, crowding wads of 
paper between them wherever possible, and make the box abso- 
lutely full to the very lop (by packing-material if the specimens do 
not suffice), so that no amount of rough usage by wagon or ca3X on 
a journey of a thousand miles would cause the least movement 
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4. LabeUlng.—A laUl should be put inside of each eavelop, sepa- 
rated from the specimen by a thickness or more of the paper. TTie 
label should give the precise locality of the specimen, and the par- 
tjcular stratum from which taken, if there is a series of strata at the 
place ; it should also have a number on it corresponding to a num- 
ber in a note-book, where fuller notes of each are kept, together 
with the details of stratification, dip, and strike, sections, plans, 
ohanges or variations in the rocks, and alL geological observations 
that may be made in the region. A specimen of rock or fossil of 
unknown or uncertain locality is of very little value. 

5. Note-Book. — The note-book should have a stiff leathercover, 
and be made of rather thick smooth writing-paper, good for 
sketching as well as for writing. Five inches by three and a half 
is a convenient siTe. A kind made of prepared paper, and pro- 
vided with a zinc-pointed pencil, is often sold for the purpose, and 
is excellent until it geto perchance a fall into the water, when the 
notes that may have been carefully made will be pretty surely 
obliterated. ' If the geologist is a draftsman, he may also need a 
portfolio for carrying larger paper; but the small note-book will, in 
goneral, answer every purpose. 
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